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PREFACE 


In  the  following  pages  I  have  endeavoured  to  arrange  the 
most  important  facts  and  principles  of  Modem  Chemistry 
in  a  plain  but  precise  and  scientific  form,  suited  to  the 
present  requirements  of  Elementary  Instruction. 

For  the  purpose  of  facilitating  the  attainment  of  that 
exactitude  in  the  knowledge  of  the  subject,  without  which 
the  introduction  of  physical  science  into  the  school  system 
is  worse  than  useless,  I  have  added  a  series  of  Exercises 
and  Questions  upon  the  Lessons.  The  pupil  must  learn 
to  work  out  accurately  both  the  numerical  and  descriptive 
examples,  and  the  teacher  may  find  it  advisable  to  add 
largely  to  their  number.  Particular  attention  should  be 
g^ven  to  the  calculation  of  the  relations  between  the 
weights  of  gases^  and  their  volumes  measured  under  varying 
circumstances  of  temperature  and  pressure. 

The  metric  system  of  weights  and  measures  and  the 
centigrade  thermometric  scale  are  used  throughout  the 
work. 

I  have  much  pleasure  in  thanking  my  friend,  Mr.  Schor- 
lemmer,  for  the  aid  which  he  has  given  me,  especially  in 
revising  the  proofs  ;   and  I  have  also  to  acknowledge  the 
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vi  PREFACE 

care  and  attention  bestowed  on  the  woodcuts  and   on   the 
chromolithographic  frontispiece  by  Mr.  J.  D.    Cooper  and 

Mr.  Collings. 

H.  K.  R. 
Manchester,  yafi.   18691 


In  the  present  wholly  revised  Edition  several  changes  of 
importance  have  been  made,  especially  as  regards  the 
arrangement  of  the  Organic  portion  of  the  work,  which 
will,  I  trust,  simplify  the  study  of  this  branch  of  the 
Science.  In  addition  to  this  change  of  form  I  have  en- 
deavoured to  keep  the  book  up  to  the  level  of  the  Science 
of  the  day  by  inserting  the  most  important  discoveries 
which  have  been  made  during  the  last  four  years. 

rl.  E.  R.. 

Manchester,  Oa,  1875. 


I  HAVE,  in  the  present  Edition,  amongst  other  alterations 
and  additions  adopted  for  the  combining  weights  of  the 
elements,  numbers  derived  from  Stas's  accurate  experi- 
ments, oxygen  being  taken  at  15*96  instead  of  16.  In 
many  instances  these  numbers  do  not  greatly  differ  from 
those  formerly  used,  and  in  ordinary  calculations  the  older 
numbers  may,  for  the  sake  of  simplicity,  still  be  employed. 

H.  E.  R. 
Oci,  1877. 


PREFACE  vii 

The  progress  of  Chemistry  is  now  so  rapid,  that  revisions 
of  text-books  in  which  the  newest  facts  and  most  accurate 
data  are  to  be  given,  must  frequently  be  made.  In  this 
Edition,  wholly  reprinted,  I  have  endeavoured  to  place 
before  the  student  all  the  important  additions  to  the  Science 
which  have  been  made  since  the  last  reprint.  In  the 
Organic  portion  of  the  work,  the  necessary  changes 
and  additions  are  of  greater  extent  than  those  in  the  less 
progressive  Inorganic  department  of  the  Science. 

H.  E.,  R. 

yu/y,   1885. 


What  is  said  in  the  Preface  to  the  new  Edition  of  1885 
applies  with  equal  or  even  with  greater  force  to  this  new 
Edition  of  1892.  If  a  text-book  of  Chemistry  is  to  represent 
the  condition  of  the  Science  of  the  day — that  is  to  be  in 
reality  what  it  professes  to  be — it  must  be  frequently  revised, 
and  even  re-written.  Whilst  keeping  as  far  as  possible 
within  the  desirable  limits  of  such  a  little  book,  I  have,  in 
this  Edition,  endeavoured  not  only  to  introduce  all  the  more ' 
important  discoveries  of  the  last  six  years,  but  to  make  im- 
provements throughout  the  work  which  I  hope  will  be  to  the 
benefit  of  my  readers. 

My  thanks  are  due  to  my  friend  Dr.  H.  G.  Colman  for 
the  great  assistance  which  he  has  given  me  in  passing  this 

Edition  through  the  press. 

rl,  E.  R. 
February^   1 892. 
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LESSON  I 

By  chemical  action  we  signify  that  which  occurs  when  two 
or  more  substances  so  act  upon  one  another  as  to  produce 
a  third  substance  differing  altogether  from  the  original  ones 
in  properties  ;  or  when  one  substance  is  brought  under  such 
conditions  that  it  forms  two  or  more  bodies  differing  from  the 
original  one  in  properties.  Thus,  if  powdered  sulphur  and 
fine  copper-filings  be  well  mixed  together,  the  colour  of  the 
sulphur  as  well  as  that  of  the  copper  will  disappear,  and  to 
the  unaided  eye  the  mixture  presents  a  uniform  greenish 
tint ;  by  the  help  of  the  microscope,  however,  the  particles 
of  copper  may  be  seen  lying  by  the  side  of  the  particles  of 
sulphur ;  and  we  can  wash  away  the  lighter  sulphur  with 
water,  leaving  the  heavier  copper  behind.  Here  no  chemical 
action  has  occurred ;  the  sulphur  and  copper  were  only 
mechanically  mixed.  If  we  next  gently  heat  some  of  the 
mixture  we  see  that  it  soon  begins  to  glow,  and  on  examining 
the  mass  we  notice  that  both  the  copper  and  the  sulphur 
have  disappeared  as  such,  that  they  cannot  be  distinguished 
even  by  the  most  powerful  microscope,  and  that  in  their 
place  we  have  formed  a  black  substance  possessing  properties 
entirely  different  from  those  possessed  either  by  the  copper 
or  by  the  sulphur.  Here  a  chemical  change  has  occurred  ; 
the  copper  and  the  sulphur  are  said  to  have  combined 
chemically  to  form  a  compound  out  of  which  these  two  sub- 
stances can  be  regained  in  exactly  the  quantities  used. 

In  like  manner,  when  a  candle  bums  in  the  air  a  chemical 
change  is  going  on  ;  and  although  the  candle  gradually  dis- 
appears, the  materials  of  which  it  is  made  up  are  not 
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destroyed  or  lost ;  they  simply  pass  into  a  state  In  which 
they  are  invisible  to  our  eyes,  but  their  presence  may  be 
ascertained  by  other  means.  Thus,  if  we  burn  a  candle  for 
a  few  minutes  in  a  clean  bottle  filled  with  air,  and  afterwards 
pour  in  some  clear  lime-water,  we  shall  notice  that  the  liquid, 
which  remains  clear  in  pure  air,  becomes  at  once  milky, 
showing  the  presence  of  an  invisible  gaseous  body  produced 
by  the  burning  of  the  candle,  which  possesses  properties 
different  from  those  of  pure  air.  Although  an  apparent  loss 
of  matter  occurs  when  a  candle  burns,  it  is  easy  to  show  by 
a  simple  experiment  not  only  that  this  is  not  the  case,  but 

that,    on    the    contrary,    an 
increase  of  weight   has  oc- 
curred ;  this  increase  is  oc- 
casioned by  the  constituent 
parts  of  the  tallow  or   wax 
having     united     chemically 
with  an  invisible  gas  (called 
oxygen)  present  in  the  air. 
For  this  purpose  a  piece  of 
glass    tubing    (a.     Fig.     i), 
f  inch  wide  and  lo  inches 
long,  is  closed  at  each  end 
with   a    cork;    through    the 
upper  cork  a  bent  glass  tube 
passes,   whilst    through    the 
lower  one  several  holes  are 
bored,  and  into  one  of  these 
a  small  taper    is    fastened. 
A  bent  tube  (b,  Fig.  i),  filled  with  pieces  of  caustic  soda,  is 
attached  by  a  perforated  cork,  as  seen  in  the  figure,  and  the 
apparatus  thus  arranged  is  hung  at  the  end  of  one  arm  of 
a  pair  of  scales,  and  exactly  counterpoised  by  weights  placed 
in  the  pan  on  the  other  arm.     The  end  of  the  tube  (c)  is 
now  attached,  by  means  of  a  piece  of  vulcanised  caoutchouc 
tubing,  to  an  opening  at  the  top  of  a  vessel  filled  with  water 
and  furnished  at  the  bottom  with  a  tap  through  which  the 
water  can  flow  out ;  as  the  water  flows  out  on  opening  this 
tap,  air  must  pass  in  to  supply  its  place  through  the  whole 
apparatus  by  the  holes  in  the  perforated  cork.    This  cork  is 
then  removed,  the  taper  lighted,  and  the  cork  and  taper 


Fig.  I. 
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quickly  replaced  ;  after  the  candle  has  burnt  for  three  orfour 
minutes,  the  vulcanised  tubing  is  disconnected,  and  the  glass 
tube  allowed  to  hang  freely.  It  is  then  seen  that  the  weight 
of  the  apparatus  is  greater  than  it  was  before  the  candle  was 
burnt,  the  pieces  of  caustic  soda  having  absorbed  the  sub- 
stances (carbonic  acid  and  water)  produced  by  the  combina- 
tion of  the  constituents  of  the  taper  (carbon  and  hydrogen) 
with  the  oxygen  of  the  air. 

By  the  careful   examination  of  all  the  known  cases  of 
chemical  action  it  has  been  satisfactorily  proved  that  a  loss 


of  matter  never  takes  place,  that  mailer  is  indeslructible 
and  that  in  chemical  actions,  such  as  that  going  on  in  the 
burning  of  the  candle,  a  change  of  state  and  not  an  annihila- 
tion of  matter  occurs.  The  truth  of  this  first  great  principle 
in  chemical  science  has  been  gradually  demonstrated  by 
finding  that  the  weights  of  the  substance  acting  chemically 
upon  one  another  always  remain  the  same  after  as  before  the 
chemical  changes  have  occurred.  For  determining  very 
accurately  the  weight  of  substances,  an  instrument  called  the 
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chemical  balance  is  employed.  Fig.  2  represents  one  form  of 
chemical  balance.  It  consists  of  a  perforated  brass  beam 
(aa)  vibrating  about  its  centre,  at  which  is  fixed  a  triangular 
knife-edge  of  agate  (c) :  this  rests  upon  a  horizontal  agate 
plane  attached  to  the  upright  brass  pillar.  To  each  end  of 
the  beam  the  light  brass  pans  (bb)  are  attached,  each  pan 
being  suspended  by  an  agate  plane  upon  an  agate  knife- 
edge  fixed  on  the  end  of  the  beam  at  dd.  This  mode  of  rest 
and  support  is  to  render  the  amount  of  friction  as  small  as 
possible,  and  thus  to  insure  delicacy  in  the  instrument.  In 
order  to  prevent  the  agate  edges  from  being  spoilt  by  constant 
wear  on  the  agate  planes,  the  beams  £.nd  the  ends  (dd)  are 
supported  by  the  brass  arm  (ee)  when  the  balance  is  not  in 
use,  so  that  the  agate  surfaces  do  not  touch  ;  the  beam  and 
pans  are  released  when  required  by  turning  the  handle  F. 
The  substance  to  be  weighed  is  placed  in  one  pan,  and 
weights  added  one  by  one  to  the  other  until  the  instrument 
is  in  equilibrium ;  this  is  ascertained  by  the  long  pointer 
(g)  vibrating  to  an  equal  distance  on  each  side  of  the  central 
mark.  A  balance  such  as  that  represented  in  the  figure  will 
turn  with  'j^y  of  a  milligram  when  loaded  with  100  grams 
(see  p.  24),  or  will  indicate  with  this  load  the  one-millionth 
part  of  the  substance  weighed. 

The  stability  of  the  balance  is  insured  by  the  centre  of 
gravity  being  situated  below  the  point  or  axis  of  suspension. 
The  sensibility  of  the  balance  is  secured  by  having  the  beam 
as  light  and  as  long  as  is  possible  consistently  with  rigidity, 
and  by  having  the  distance  between  the  centre  of  gravity  and 
the  point  of  suspension  as  small  as  possible,  also  by  reducing 
the  friction  on  all  the  parts  to  a  minimum.  The  accuracy  of 
the  balance  depends  upon  having  the  two  arms  of  equal 
length.  All  delicate  chemical  balances  are  kept  in  glass  cases 
to  avoid  draughts  of  air,  which  would  disturb  the  accuracy 
of  the  weighings,  as  well  as  to  protect  the  instrument  against 
dust  and  moisture. 

The  aim  of  the  chemist  is  to  examine  the  properties  of  all 
substances  with  regard  to  their  actions  upon  one  another  in 
producing  bodies  essentially  differing  from  the  originals.  In 
order  thoroughly  to  carry  out  his  purpose  he  is  obliged  to 
resort  to  experiment;  that  is,  he  has  to  place  the  substances 
which  h»  is  examining  under  circumstances,  perhaps  not 


t  INTRODUCTION  J 

found  in  nature,  which  he  can  control  and  vary.  Hence 
chemistry  is  called  an  experimental  science.  In  thus  in- 
vestigating all  the  materials  within  his  reach,  whether  solid, 
liquid,  or  gaseous,  whether  contained  in  the  earth,  sea,  or  air  ; 
whether  belonging  to  the  animal  or  to  the  vegetable  creation, 
the  chemist  finds  himself  able  to  divide  substances  into  two 
great  classes:  (i)  Compound  Substances— those  which 
he  can  split  up  into  two  or  more  essentially  different 
materials ;  and  (2)  Elements  or  Simple  Substances— those 
which  he  has  not  been  able  thus  to  split  up,  and  out  of  which 
nothing  essentially  different  from  the  original  substances  has 
been  obtained. 

Compound  bodies  are  made  up  of  two  or  more  elementary 
substances  chemically  combined  with  each  other :  thus 
sulphur  and  copper  are  elementary  bodies :  out  of  each  of 
these  nothing  different  from  sulphur  or  copper  can  be 
obtained ;  whereas,  when  the  two  bodies  are  heated  together, 
a  compound  is  formed  from  which  both  of  the  original  ele- 
mentary constituents  can  at  any  time  be  prepared.  Water 
is  a  compound  body — it  can  be  split  up  into  two  elementary 
gases,  hydrogen  and  oxygen  ;  common  salt,  again,  is  a  com- 
pound of  a  gas  (chlorine)  with  a  metal  (sodium) ;  and  lime- 
stone, clay,  sugar,  and  wax  may  also  serve  as  examples  of  com- 
pound bodies :  whilst  phosphorus,  charcoal,  iron,  mercury, 
and  gold  may  be  mentioned  as  belonging  to  the  class  of  simple 
substances.  The  following  experiment  well  illustrates  the 
decomposition  of  a  compound  into  two  simple  substances. 
A  small  quantity  of  the  red  powder  called  mercury  oxide  is 
introduced  into  a  test-tube,  and  heated  in  a  gas  flame  ;  when 
hot,  the  oxide  gradually  decomposes,  a  grey  deposit  of  me- 
tallic mercury  in  small  globules  collect  upon  the  cooler  parts 
of  the  glass,  whilst  the  tube  becomes  filled  with  colourless 
oxygen  gas,  whose  presence  can  be  demonstrated  by  the 
rekindling  of  a  glowing  chip  of  wood  plunged  into  the  tube. 
On  continued  heating  the  whole  of  the  red  powder  is  found 
to  be  split  up  into  the  two  elements,  mercury  and  oxygen, 
which  together  weigh  exactly  as  much  as  the  red  oxide  from 
which  they  were  obtained. 

The  elementary  bodies^  for  the  sake  of  convenience,  are 
arbitrarily  divided  into  two  classes,  the  metals  and  the  non- 
metals.    In  the  first  are  placed  elements  such  as  gold,  iron, 
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lead,  mercury,  tin  ;  in  the  second,  those  elements  which  are 
gases  at  the  ordinary  temperature,  such  as  oxygen,  hydrogen, 
&c.,  together  with  some  solid  elements,  as  sulphur,  charcoal, 
&c.  The  number  of  the  metals  is  much  larger  than  that  of 
the  non-metals  ;  we  are  acquainted  with  at  least  fifty-three 
metals,  and  with  only  fifteen  non-metals.  These  sixty-eight 
elements  constitute  the  material  out  of  which  the  whole  fabric 
of  the  science  is  built ;  every  description  of  matter  which 
has  been  examined  is  made  up  of  these  elements,  either 
combined  together  to  form  compounds  or  in  the  uncombined 
or  free  state. 

The  science  of  chemistry  has  for  its  aim  the  experi- 
mental examination  of  the  properties  of  the  elements  and 
their  compounds,  and  the  investigation  of  the  laws  which 
regulate  their  combination  one  with  &nother.  The  applica- 
tions of  the  principles  of  chemical  science  to  the  arts  and 
manufactures  are  of  the  highest  importance  and  interest ; 
they  have  exerted  a  most  material  influence  upon  the  progress 
of  civilisation,  and  have  greatly  tended  to  the  elevation  and 
benefit  of  mankind ;  the  instances  are  innumerable  in  which 
altogether  new  branches  of  industry  have  sprung  up  from  the 
happy  application  of  simple  chemical  principles,  and  there 
is  scarcely  an  article  in  common  use  in  the  production 
of  which  some  application  of  chemisfry  has  not  proved  of 
essential  value. 

The  following  is  a  complete  list  of  the  elementary  bodies 
known  at  present  (1891).  The  names  printed  in  large 
capital  italics,  as  BORONy  are  the  non-metals ;  those  in 
small  roman  capitals,  as  Aluminium,  are  the  more  com- 
monly occurring  metals ;  those  in  small  type,  as  Caesium 
are  the  rarer  metals. 

Names.  Symbols.  Combining  Weights.'^ 

Aluminium Al 27*0 

Antimony Sb 120*0 

ARSENIC As 74*9 

Barium Ba 1368 

Beryllium Be 902 

Bismuth Bi 208*4 

BORON B ii-o 

BROMINE Br 7975 

Cadmium Cd 111-9 

1  For  an  explanaiion  of  the  numbers  see  page  14. 
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Names.  Symbols,  Combining  WeigkU. 

Caesium  •• Cs 133*0 

Calcium Ca 39*9 

CARBON C 11-97 

Cerium Ce 139*9 

CHLORINE CI 35*37 

Chromium Cr 52*0 

Cobalt Co 58*6 

Copper Cu 63*1 

Didymium D 142*0 

Erbium E 166*0 

FLUORINE F 19*1 

GaUium G 698 

Germanium Ge 7^75 

Gold Au 196*7 

HYDROGEN H lo 

Indium In ii3'4 

IODINE I       126*53 

Iridium Ir 192*7 

Iron Fe 55*9 

Lanthanum La 138*0 

Lead Pb 206*4 

Lithium Li 7*oi 

Magnesium Mg 24*3 

Manganese Mn 55*0 

Mercury Hg 199*8 

Molybdenum Mo 95*8 

Nickel Ni 58*6 

Niobium Nb 94*0 

NITROGEN N 14*01 

Osmium Os 190*3 

OXYGEN O 15*96 

Palladium Pd 106*2 

PHOSPHORUS P      30*96 

Platinum Pt 194*5 

Potassium K 39*04 

Rhodium Rh 104*1 

Rubidium Rb 85*2 

Ruthenium Ru I03'5 

Scandium Sc 44*0 

SELENIUM Se 78*0 

Silver Ag 107*66 

SILICON Si 28*0 

Sodium Na 22*99 

Strontium Sr 87*2 

SULPHUR S      31*98 

Tantalum Ta 182*0 

TELLURIUM Te 125*0 

Terbium Tb 148*5 

ThaUium Tl 203*6 
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lead,  mercury,  tin  ;  in  the  second,  those  elements  which  are 
gases  at  the  ordinary  temperature,  such  as  oxygen,  hydrogen, 
&c.,  together  with  some  solid  elements,  as  sulphur,  charcoal, 
&c.  The  number  of  the  metals  is  much  larger  than  that  of 
the  non-metals  ;  we  are  acquainted  with  at  least  fifty-three 
metals,  and  with  only  fifteen  non-metals.  These  sixty-eight 
elements  constitute  the  material  out  of  which  the  whole  fabric 
of  the  science  is  built ;  every  description  of  matter  which 
has  been  examined  is  made  up  of  these  elements,  either 
combined  together  to  form  compounds  or  in  the  uncombined 
or  free  state. 

The  science  of  chemistry  has  for  its  aim  the  experi- 
mental examination  of  the  properties  of  the  elements  and 
their  compounds,  and  the  investigation  of  the  laws  which 
regulate  their  combination  one  with  another.  The  applica- 
tions of  the  principles  of  chemical  science  to  the  arts  and 
manufactures  are  of  the  highest  importance  and  interest ; 
they  have  exerted  a  most  material  influence  upon  the  progress 
of  civilisation,  and  have  greatly  tended  to  the  elevation  and 
benefit  of  mankind  ;  the  instances  are  innumerable  in  which 
altogether  new  branches  of  industry  have  sprung  up  from  the 
happy  application  of  simple  chemical  principles,  and  there 
is  scarcely  an  article  in  common  use  in  the  production 
of  which  some  application  of  chemistry  has  not  proved  of 
essential  value. 

The  following  is  a  complete  list  of  the  elementary  bodies 
known  at  present  (1891).  The  names  printed  in  large 
capital  italics,  as  BORONy  are  the  non-metals ;  those  in 
small  roman  capitals,  as  Aluminium,  are  the  more  com- 
monly occurring  metals ;  those  in  small  type,  as  Caesium 
are  the  rarer  metals. 

Names.  Symbols.  Combining  Weights.^ 

Aluminium Al 27*0 

Antimony Sb   .   . 120*0 

ARSENIC As 74*9 

Barium Ba 136-8 

Beryllium Be 902 

Bismuth Bi 208*4 

BORON B iro 

BROMINE Br 7975 

Cadmium Cd 111*9 

1  For  an  explanation  of  the  numbers  Kee  page  14. 
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Names.  Symbols.  CombinUig  IVe^gkit, 

Caesium  •. Cs 133*0 

Calcium Ca 39*9 

CARBON C 11-97 

Cerium Ce 139*9 

CHLORINE CI 35-37 

Chromium Cr 52*0 

Cobalt Co 58-6 

Copper Cu 63*1 

Didymium D 142*0 

Erbium E i66-o 

FLUORINE F 19-1 

Gallium G 698 

Germanium Ge 72*75 

Gold Au 1967 

HYDROGEN H 10 

Indium In ii3'4 

IODINE I      126-53 

Iridium Ir 192*7 

Iron Fe 55-9 

Lanthanum La 138-0 

Lead Pb 206-4 

Lithium Li 701 

Magnesium Mg 24-3 

Manganese Mn 55*0 

Mercury Hg I99*8 

Molybdenum Mo 95-8 

Nickel Ni 58*6 

Niobium Nb 94*0 

NITROGEN N 14-01 

Osmium Os 190-3 

OXYGEN .    .  O 15-96 

Palladium Pd 106*2 

PHOSPHORUS P      3096 

Platinum Pt 194-5 

Potassium K 39*04 

Rhodium Rh 104-1 

Rubidium Rb 85-2 

Ruthenium Ru 103*5 

Scandium Sc 44*0 

SELENIUM Se 780 

Silver Ag 107-66 

SILICON Si 28-0 

Sodium Na 22*99 

Strontium Sr 87*2 

SULPHUR S      31*98 

Tantalum Ta 182*0 

TELLURIUM Te 125*0 

Terbium Tb 148*5 

Thallium Tl 203*6 
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lead,  mercury,  tin  ;  in  the  second,  those  elements  which  are 
gases  at  the  ordinary  temperature,  such  as  oxygen,  hydrogen, 
&c.,  together  with  some  solid  elements,  as  sulphur,  charcoal, 
&c.  The  number  of  the  metals  is  much  larger  than  that  of 
the  non-metals  ;  we  are  acquainted  with  at  least  fifty-three 
metals,  and  with  only  fifteen  non-metals.  These  sixty-eight 
elements  constitute  the  material  out  of  which  the  whole  fabric 
of  the  science  is  built ;  every  description  of  matter  which 
has  been  examined  is  made  up  of  these  elements,  either 
combined  together  to  form  compounds  or  in  the  uncombined 
or  free  state. 

The  science  of  chemistry  has  for  its  aim  the  experi- 
mental examination  of  the  properties  of  the  elements  and 
their  compounds,  and  the  investigation  of  the  laws  which 
regulate  their  combination  one  with  another.  The  applica- 
tions of  the  principles  of  chemical  science  to  the  arts  and 
manufactures  are  of  the  highest  importance  and  interest ; 
they  have  exerted  a  most  material  influence  upon  the  progress 
of  civilisation,  and  have  greatly  tended  to  the  elevation  and 
benefit  of  mankind ;  the  instances  are  innumerable  in  which 
altogether  new  branches  of  industry  have  sprung  up  from  the 
happy  application  of  simple  chemical  principles,  and  there 
is  scarcely  an  article  in  common  use  in  the  production 
of  which  some  application  of  chemistry  has  not  proved  of 
essential  value. 

The  following  is  a  complete  list  of  the  elementary  bodies 
known  at  present  (1891).  The  names  printed  in  large 
capital  italics,  as  BORON,  are  the  non-metals  ;  those  in 
small  roman  capitals,  as  Aluminium,  are  the  more  com- 
monly occurring  metals ;  those  in  small  type,  as  Caesium 
are  the  rarer  metals. 

Names.  Symbols,  Combining  Weights y 

Aluminium Al 27-0 

Antimony Sb 120*0 

ARSENIC As 749 

Barium Ba 136*8 

Beryllium Be 902 

Bismuth Bi 208*4 

BORON B no 

BROMINE Br 7975 

Cadmium Cd 111-9 

1  For  an  explanaiion  of  the  number;;  see  page  X4. 
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Nantes.  Symbols.  Combining  WeighU» 

Caesium-. Cs 133*0 

Calcium Ca 39*9 

CARBON C 11*97 

Cerium Ce 139*9 

CHLORINE CI 35*37 

Chromium Cr 52*0 

Cobalt Co 58*6 

Copper Cu 63*1 

Didymium D 142*0 

Erbium E i66*o 

FLUORINE F 19*1 

Gallium G 69*8 

Germanium Ge 7^75 

Gold Au 196*7 

HYDROGEN H 1*0 

Indium In ii3'4 

IODINE I      126*53 

Iridium Ir 192*7 

Iron Fe 55*9 

Lanthanum La 138*0 

Lead Pb 206*4 

Lithium Li 7*01 

Magnesium Mg 24*3 

Manganese Mn 55*0 

Mercury Hg I99*8 

Molybdenum Mo 95*8 

Nickel Ni 58*6 

Niobium Nb 94*0 

NITROGEN N 14*01 

Osmium Os 190*3 

OXYGEN O 15*96 

Palladium Pd 106*2 

PHOSPHORUS P      30*96 

Platinum Pt 194*5 

Potassium K 39*o4 

Rhodium Rh 104*1 

Rubidium Rb 85*2 

Ruthenium Ru 103*5 

Scandium Sc 44*0 

SELENIUM Se 78*0 

Silver Ag 107*66 

SILICON Si 28*0 

Sodium Na 22*99 

Strontium Sr 87*2 

SULPHUR S      3i'98 

Tantalum Ta 182*0 

TELLURIUM Te 125*0 

Terbium Tb 148*5 

Thallium Tl 203*6 
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Karnes.  Symbols.  Cmmbinimg  Weif^Uu 

Thorium Th 231-5 

Tin Sn 117*8 

Titanium Ti 48*0 

Tungsten W 184-0 

Uranium U 239*0 

Vanadium V 51*2 

Ytterbium Yb 173*2 

Yttrium Y  .    .    .    .   .       .    .  89*0 

Zinc Zn 65*1 

Zirconium Zr 90*4 

In  addition  to  the  elements  above  enumerated,  a  number 
of  other  bodies  supposed  to  be  elements  have  been  stated 
to  exist.  They  have  not  yet,  however,  been  sufficiently 
characterised  to  make  such  existence  certain.  The  names  of 
some  of  these  are  Decipium,  Holmium,  Idumium,  Norwe- 
gium,  and  Samarium. 

Certain  of  the  elements  are  very  abundant,  and  occur  widely 
distributed,  whilst  others  have  only  been  found  in  such  minute 
quantities,  and  in  such  rare  fragments,  that  their  properties 
have  not  yet  been  fully  studied.  Thus,  for  instance,  oxygen 
occurs  throughout  the  air,  sea,  and  solid  earth,  in  such 
quantities  as  to  make  up  nearly  half  the  total  weight  of  the 
earth  whereas  the  compounds  of  yttrium,  erbium,  indium, 
&c.,  have  only  as  yet  been  met  with  in  very  minute  quantities. 

The  elements  are  distributed  very  irregularly  throughout 
our  planet :  only  four  occur  in  the  air,  some  thirty  have  been 
found  in  the  sea  ;  whilst  all  the  known  elements  occur 
variously  dispersed  in  the  solid  mass  of  the  earth.  The 
following  table,  giving  the  composition  by  weight  of  the 
primary  rocks,  shows  that  by  far  the  greater  part  of  the 
earth's  solid  body  is  made  up  of  only  eight  elements,  the  re- 
mainder being  found  in  much  smaller  quantities  : — 

Composition  of  the  Earth's  Solid  Crust  in  100  parts  by  Weight, 

Calcium    ....  6*6  to  0*9 
Magnesium  .    .    .  2*7  ,,  0*1 

Sodium 2*4  ,,  2*5 

Potassium     .    .    .  1*7  ,,  3*1 

Doubtless  other  elements  exist  undiscovered  in  the  earth 
in  addition  to  those  now  known,  for  we  find  that  where, 
with  the  progress  of  science,  new  and  more  accurate  methods 


Oxygen.    .    . 

.  44 -o  to  487 

Silicon  .    .    . 

.  22-8  „  362 

Aluminium  . 

.    9*9  „     6-1 

Iron  .... 

.    9*6  „     2*4 
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of  examining  the  composition  of  matter  have  been  em- 
ployed, the  existence  of  new  elements  has  frequently  been 
brought  to  light ;  thus  within  the  last  thirty  years,  several 
new  elements  have  been  discovered  by  the  help  of  the 
method  of  Spectrum  Analysis.  Whether  any  of  the  bodies 
now  termed  elementary  may,  by  the  application  of  more 
powerful  means  than  we  at  present  possess,  at  some  future 
time  be  split  up  into  simpler  constituents,  is  a  question 
which  we  cannot  answer  with  certainty.  Judging,  however, 
from  precedent,  we  may  consider  the  occurrence  of  such  a 
thing  as  possible,  or  even  likely  ;  for  the  alkalis  potash  and 
soda  were  believed  to  be  elements  until  the  year  1807,  when 
Sir  H.  Davy  proved  that  they  were  in  reality  compounds. 

Our  knowledge  of  the  chemical  composition  of  the 
heavenly  bodies  was  restricted,  until  lately,  to  that  gained 
from  the  examination  of  those  masses  which  fall  on  the 
earth's  surface  from  an  extra-terrestrial  source,  and  known 
as  meteorites,  in  which  no  element  has  been  found  which  is 
not  known  in  the  earth.  The  foundations  of  a  solar  and 
stellar  chemistry  have,  however,  now  been  laid,  and  we  are 
able  to  ascertain  the  presence  of  many  well-known  chemical 
substances  in  the  sun  and  far  distant  fixed  stars  with  as  great 
exactitude  and  certainty  as  we  are  able  to  prove  their  presence 
in  terrestrial  matter  (see  p.  271). 


LESSON  IL 

NON-METALLIC  ELEMENTS. 

In  the  present  work  we  shall  consider  the  properties  of  the 
Non-metals  and  their  compounds  in  the  following  order  : — 


Oxygen. 

Hydrogen. 

Nitrogen. 

Carbon. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 


Sulphur. 

Selenium. 

Tellurium. 

Silicon. 

Boron. 

Phosphorus. 

Arsenic. 


8  ELEMENTARY  CHEMISTRY  lesson 


Names.                                Symbol*.  Cmmbimimg  Weif^Uu 

Thorium Th 231*5 

Tin Sn 117*8 

Titanium Ti 48*0 

Tungsten W 184*0 

Uranium U 239*0 

Vanadium V 51*2 

Ytterbium Yb 173*2 

Yttrium Y     .....       .    .  89*0 

Zinc Zn 65*1 

Zirconium Zr 90*4 

In  addition  to  the  elements  above  enumerated,  a  number 
of  other  bodies  supposed  to  be  elements  have  been  stated 
to  exist.  They  have  not  yet,  however,  been  sufficiently 
characterised  to  make  such  existence  certain.  The  names  of 
some  of  these  arc  Decipium,  Holmiimi,  Idumium,  Norwe- 
gium,  and  Samarium. 

Certain  of  the  elements  are  very  abundant,  and  occur  widely 
distributed,  whilst  others  have  only  been  found  in  such  minute 
quantities,  and  in  such  rare  fragments,  that  their  properties 
have  not  yet  been  fully  studied.  Thus,  for  instance,  oxygen 
occurs  throughout  the  air,  sea,  and  solid  earth,  in  such 
quantities  as  to  make  up  nearly  half  the  total  weight  of  the 
earth  whereas  the  compounds  of  yttrium,  erbium,  indium, 
&c.,  have  only  as  yet  been  met  with  in  very  minute  quantities. 

The  elements  are  distributed  very  irregularly  throughout 
our  planet :  only  four  occur  in  the  air,  some  thirty  have  been 
found  in  the  sea  ;  whilst  all  the  known  elements  occur 
variously  dispersed  in  the  solid  mass  of  the  earth.  The 
following  table,  giving  the  composition  by  weight  of  the 
primary  rocks,  shows  that  by  far  the  greater  part  of  the 
earth's  solid  body  is  made  up  of  only  eight  elements,  the  re- 
mainder being  found  in  much  smaller  quantities  ; — 

Composition  of  the  Earth's  Solid  Crust  in  100  parts  by  Weight, 

Calcium    ....  6*6  to  0*9 
Magnesium  .    .    .  27  ,,  o'l 

Sodium 2*4  ,,  2*5 

Potassium     .    .    .  17  ,,  3*i 

Doubtless  other  elements  exist  undiscovered  in  the  earth 
in  addition  to  those  now  known,  for  we  find  that  where, 
with  the  progress  of  science,  new  and  more  accurate  methods 


Oxygen.    .    . 

.  44 -o  to  487 

Silicon  .    .    . 

.  22*8  „  362 

Aluminium  . 

.    9*9  „    61 

Iron  .... 

.    9*6  „     2*4 
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of  examining  the  composition  of  matter  have  been  em- 
ployed, the  existence  of  new  elements  has  frequently  been 
brought  to  light ;  thus  within  the  last  thirty  years,  several 
new  elements  have  been  discovered  by  the  help  of  the 
method  of  Spectrum  Analysis.  Whether  any  of  the  bodies 
now  termed  elementary  may,  by  the  application  of  more 
powerful  means  than  we  at  present  possess,  at  some  future 
time  be  split  up  into  simpler  constituents,  is  a  question 
which  we  cannot  answer  with  certainty.  Judging,  however, 
from  precedent,  we  may  consider  the  occurrence  of  such  a 
thing  as  possible,  or  even  likely  ;  for  the  alkalis  potash  and 
soda  were  believed  to  be  elements  until  the  year  1807,  when 
Sir  H.  Davy  proved  that  they  were  in  reality  compounds. 

Our  knowledge  of  the  chemical  composition  of  the 
heavenly  bodies  was  restricted,  until  lately,  to  that  gained 
from  the  examination  of  those  masses  which  fall  on  the 
earth's  surface  from  an  extra-terrestrial  source,  and  known 
as  meteorites,  in  which  no  element  has  been  found  which  is 
not  known  in  the  earth.  The  foundations  of  a  solar  and 
stellar  chemistry  have,  however,  now  been  laid,  and  we  are 
able  to  ascertain  the  presence  of  many  well-known  chemical 
substances  in  the  sun  and  far  distant  fixed  stars  with  as  great 
exactitude  and  certainty  as  we  are  able  to  prove  their  presence 
in  terrestrial  matter  (see  p.  271). 


LESSON  11. 

NON-METALLIC  ELEMENTS. 


In  the  present  work  we  shall  consider  the  properties  of  the 
Non-metals  and  their  compounds  in  the  following  order  : — 


Oxygen. 

Hydrogen. 

Nitrogen. 

Carbon. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 


Sulphur. 

Selenium. 

Tellurium. 

Silicon. 

Boron. 

Phosphorus. 

Arsenic 


6  ELEMENTARY  CHEMISTRY  lesson 

lead,  mercury,  tin  ;  in  the  second,  those  elements  which  are 
gases  at  the  ordinary  temperature,  such  as  oxygen,  hydrogen, 
&c.,  together  with  some  solid  elements,  as  sulphur,  charcoal, 
&c«  The  number  of  the  metals  is  much  larger  than  that  of 
the  non-metals  ;  we  are  acquainted  with  at  least  fifty-three 
metals,  and  with  only  fifteen  non-metals.  These  sixty-eight 
elements  constitute  the  material  out  of  which  the  whole  fabric 
of  the  science  is  built ;  every  description  of  matter  which 
has  been  examined  is  made  up  of  these  elements,  either 
combined  together  to  form  compounds  or  in  the  uncombined 
or  free  state. 

The  science  of  chemistry  has  for  its  aim  the  experi- 
mental examination  of  the  properties  of  the  elements  and 
their  compounds,  and  the  investigation  of  the  laws  which 
regulate  their  combination  one  with  another.  The  applica- 
tions of  the  principles  of  chemical  science  to  the  arts  and 
manufactures  are  of  the  highest  importance  and  interest ; 
they  have  exerted  a  most  material  influence  upon  the  progress 
of  civilisation,  and  have  greatly  tended  to  the  elevation  and 
benefit  of  mankind  ;  the  instances  are  innumerable  in  which 
altogether  new  branches  of  industry  have  sprung  up  from  the 
happy  application  of  simple  chemical  principles,  and  there 
is  scarcely  an  article  in  common  use  in  the  production 
of  which  some  application  of  chemistry  has  not  proved  of 
essential  value. 

The  following  is  a  complete  list  of  the  elementary  bodies 
known  at  present  (1891).  The  names  printed  in  large 
capital  italics,  as  BORON,  are  the  non-metals ;  those  in 
small  roman  capitals,  as  Aluminium,  are  the  more  com- 
monly occurring  metals ;  those  in  small  type,  as  Caesium 
are  the  rarer  metals. 

Names.  Symbols.  Combining  Weights.'^ 

Aluminium Al 270 

Antimony Sb 120*0 

ARSENIC As 749 

Barium Ba 136*8 

Beryllium Be 9*02 

Bismuth Bi 2084 

BORON B no 

BROMINE Br 7975 

Cadmium Cd 111-9 

1  For  an  explanaiion  of  the  numbers  xee  page  14. 
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Names.  Symbols.  Combinitig  IVeights* 

Caesium  •. Cs 133*0 

Calcium Ca 39*9 

CARBON C 11-97 

Cerium Ce 139*9 

CHLORINE CI 35-37 

Chromium Cr 52*0 

Cobalt Co 58*6 

Copper Cu 63*1 

Did^ium D 142*0 

Erbium E 166-0 

FLUORINE F 19-1 

GaUium G 69*8 

Germanium Ge 72*75 

Gold Au 196*7 

HYDROGEN H 10 

Indium In ii3'4 

IODINE I      126*53 

Iridium Ir 192*7 

Iron Fe 55*9 

Lanthanum La 138*0 

Lead Pb 206*4 

Lithium Li 7*oi 

Magnesium Mg 24-3 

Manganese Mn 55  -o 

Mercury Hg I99*8 

Molybdenum Mo 95*8 

Nickel Ni 58*6 

Niobium Nb 94*0 

NITROGEN N 14-01 

Osmium Os 190*3 

OXYGEN O 15*96 

Palladium Pd io6*2 

PHOSPHORUS P      30*96 

Platinum Pt 194*5 

Potassium K 39*04 

Rhodium Rh 104*1 

Rubidium Rb 85*2 

Ruthenium Ru I03'5 

Scandium Sc 44*0 

SELENIUM Se 78*0 

Silver Ag 107-66 

SILICON Si 28-0 

Sodium Na 22*99 

Strontium Sr 87-2 

SULPHUR S      31*98 

Tantalum Ta 182*0 

TELLURIUM Te 125*0 

Terbium Tb 145*5 

Thallium Tl 203*6 
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SymbolQ),  Atomic  weight  ly^.  Deniiiy  iyi)6. — Oitygen 
is  a  gaseous  substance,  and  exists  in  the  free  state  in  tlie 
atmosphere,  of  which  it  constitutes  about  one-fifth  by  bulk, 
whilst,  in  combination  with  the  other  elements,  it  forms 
nearly  half  the  weight  of  the  solid  earth,  and  eight-ninths  by 
weight  of  water.  Oxygen  was  discovered  in  the  year  I774by 
Priestley  in  England,  and  independently  in  1775  by  Scheele 


Pri«tley  prepared  oxygen  gas  bj  heating 
oxide  to  a  high  temperature,  this  compound  being  itself  ob- 
tained by  heating  mercury  in  the  air  for  some  time  at  a 
temperature  a  little  below  that  at  which  it  boils  Mercuric 
oxide  has  been  shown  by  esperiment  always  to  consist  of 
200  parts  by  weight  of  mercury,  and  sixteen  parts  by 
'weight  of  oxygen  ;  when  strongly  heated,  it  is  decomposed, 
and  yields  metallic  mercury  and  oxygen  gas. 

Oxygen  can  be  more  cheaply  obtained  by  heating 
potassium  chlorate  (commonly  called  chlorate  of  potash), 
a  white  salt  which  yields  on  heating  39-3  per  cent  of 
its  weight  of  this  gas.     In  order  to  collect  the  oxygen  thus 
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given  off,  powdered  potassium  chlorate  is  placed  in  a  small 
thin  glass  flask,  furnished  with  a  well-fitting  cork,  into  which 
a  bent  tube  is  inserted.  The  lower  end  of  the  tube  dips 
under  the  surface  of  water  in  a  pneumatic  trough^  and  the 
gas,  on  being  evolved,  bubbles  out  from  the  end  of  the  tube, 
and  rises  into  jars  or  bottles  placed  with  their  mouths 
downwards  in  the  trough,  filled  with  water  which  the  gas 
displaces.  Fig.  3  shows  the  arrangement  of  the  apparatus 
needed  for  the  preparation  of  oxygen  gas.  If  a  small 
quantity  of  manganese  dioxide  (black  oxide  of  manga- 
nese) be  mixed  with  the  potassium  chlorate,  the  oxygen  is 
given  off  from  the  chlorate  at  a  much  lower  temperature. 
The  manner  in  which  the  manganese  dioxide  acts  is  not 
known,  as  it  is  found  unaltered  at  the  end  of  the  operation. 
Many  other  oxides  have  a  similar  action. 

Oxygen  is  a  colourless  inodorous  gas,  which  when  subjected 
to  a  pressure  of  320  atmospheres  at  —  r4o°  condenses  to  a 
liquid  which  is  colourless  in  thin  layers,  but  in  layers  30mm. 
thick  has  a  sky-blue  colour,  and  boils  at  —  1847°.  The 
specific  gravity  of  liquid  oxygen  is  0*8737  compared  with 
water,  whilst  that  of  the  gas  i?  15*96  compared  with  hydrogen 
(the  lightest  gas  known),  and  1*1056  compared  with  air.  One 
litre  of  oxygen  gas  at  o^  C,  under  760  mm.  pressure  weighs 
1*4298  grams. 

All  the  elements,  with  the  single  exception  of  fluorine, 
combine  with  oxygen  to  form  oxides.  In  this  act  of  com- 
bination, which  is  termed  oxidation^  heat  is  always,  and  light 
is  frequently,  given  off.  When  bodies  unite  with  oxygen, 
evolving  light  and  heat,  they  are  said  to  bunty  or  undergo 
combustion.  All  bodies  which  burn  in  the  air  busn  with 
increased  brilliancy  in  oxygen  gas ;  and  many  substances, 
such  as  iron,  which  do  not  readily  burn  in  the  air,  may  be 
made  to  do  so  in  oxygen.  A  red-hot  chip  of  wood,  or  a 
taper  with  glowing  wick,  is  suddenly  rekindled  and  bursts 
into  flame  when  plunged  into  a  jar  of  this  gas.  Sulphur, 
which  in  the  air  bums  with  a  pale  lambent  flame,  emits  in 
oxygen  a  bright  violet  light ;  and  a  small  piece  of  phosphorus, 
when  inflamed  and  placed  in  oxygen,  bums  with  a  dazzling 
light.  If  the  jars  in  which  these  experiments  have  been 
performed  be  afterwards  examined,  it  is  found  that  the  sub- 
stances produced  by  combustion  of  sulphur  and  phosphorus 
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SymbolO,  Atomic toeighny^.  Density  \$-^.—Oxf%ta 
is  a  gaseous  substance,  and  exists  in  the  free  state  ia  tlie 
atmosphere,  of  which  it  constitutes  about  one-fifth  by  bulk, 

whilst,  in  combination  with  the  other  elements,  it  forms 
nearly  half  the  weight  of  the  solid  earth,  and  eight-ninths  by 
weight  of  water.  Oxygen  was  discovered  in  the  year  1774  by 
Priestley  in  England,  and  independently  in  177;  by  Scheele 
in  Sweden. 


Pri«tley  prepared  o^iygen  gas  by  heating  red  r 
oxide  to  a  high  temperature,  th  s  compound  being  itself  ob- 
tained by  heitmg  mercury  in  the  1  r  for  some  time  at  a- 
temperature  a  1  ttle  below  that  at  wh  ch  it  boils  blercunc 
oiide  has  been  shown  b>  experiment  always  to  consist  of 
aoo  parts  by  weight  of  mercury  and  si\Ieen  parts  by 
weight  of  o-vjgen  when  stronglj  healed  it  s  decomposed, 
and  yields  metallic  mercury  and  otvgen  gas 

Oxygen  can  be  more  cheaplj  obta  ncd  by  heating 
potassium  chlorate  (commonlj  called  chlorate  of  potash), 
a  white  salt  which  jields  on  heating  392  per  cent  of 
Its  weight  of  this  gas     In  order  to  collect  the  DX)gen  thus 
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given  off,  powdered  potassium  chlorate  is  placed  in  a  small 
thin  glass  flask,  furnished  with  a  well-fitting  cork,  into  which 
a  bent  tube  is  inserted.  The  lower  end  of  the  tube  dips 
under  the  surface  of  water  in  a  pneumatic  trough^  and  the 
gas,  on  being  evolved,  bubbles  out  from  the  end  of  the  tube, 
and  rises  into  jars  or  bottles  placed  with  their  mouths 
downwards  in  the  trough,  filled  with  water  which  the  gas 
displaces.  Fig.  3  shows  the  arrangement  of  the  apparatus 
needed  for  the  preparation  of  oxygen  gas.  If  a  small 
quantity  of  manganese  dioxide  (black  oxide  of  manga- 
nese) be  mixed  with  the  potassium  chlorate,  the  oxygen  is 
given  off  from  the  chlorate  at  a  much  lower  temperature. 
The  manner  in  which  the  manganese  dioxide  acts  is  not 
known,  as  it  is  found  unaltered  at  the  end  of  the  operation; 
Many  other  oxides  have  a  similar  action. 

Oxygen  is  a  colourless  inodorous  gas,  which  when  subjected 
to  a  pressure  of  320  atmospheres  at  —  x^&  condenses  to  a 
liquid  which  is  colourless  in  thin  layers,  but  in  layers  30mm. 
thick  has  a  sky-blue  colour,  and  boils  at  —  1847°.  The 
specific  gravity  of  liquid  oxygen  is  0*8737  compared  with 
water,  whilst  that  of  the  gas  i.s  15*96  compared  with  hydrogen 
(the  lightest  gas  known),  and  1*1056  compared  with  air.  One 
litre  of  oxygen  gas  at  o^  C,  under  760  mm.  pressure  weighs 
1*4298  grams. 

All  the  elements,  with  the  single  exception  of  fluorine, 
combine  with  oxygen  to  form  oxides.  In  this  act  of  com- 
bination, which  is  termed  oxidation^  heat  is  always,  and  light 
is  frequently,  given  off.  When  bodies  unite  with  oxygen, 
evolving  light  and  heat,  they  are  said  to  bum^  or  undergo 
combustion.  All  bodies  which  burn  in  the  air  bugi  with 
increased  brilliancy  in  oxygen  gas ;  and  many  substances, 
such  as  iron,  which  do  not  readily  bum  in  the  air,  may  be 
made  to  do  so  in  oxygen.  A  red-hot  chip  of  wood,  or  a 
taper  with  glowing  wick,  is  suddenly  rekindled  and  bursts 
into  flame  when  plunged  into  a  jar  of  this  gas.  Sulphur, 
which  in  the  air  burns  with  a  pale  lambent  flame,  emits  in 
oxygen  a  bright  violet  light ;  and  a  small  piece  of  phosphorus, 
when  inflamed  and  placed  in  oxygen,  bums  with  a  dazzling 
light.  If  the  jars  in  which  these  experiments  have  been 
performed  be  afterwards  examined,  it  is  found  that  the  sub- 
stances produced  by  combustion  of  sulphur  and  phosphorus 
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in  oxygen  possess  acid  characters;  they  have  the  power  of  turn- 
ing red  certain  vegetable  blue  colouring  matters,  such  as 
litmus  ;  owing  to  this  fact  Lavoisier  gave  to  oxygen  the  name 
it  bears  (from  6^s,  acid,  ytpvao,  I  produce).  A  bundle  of  fine 
iron  wire  can  be  easily  burnt  in  oxygen  by  tipping  the  end 
with  burning  sulphur,  and  then  plunging  the  iron  thus 
dipped  into  a  jar  of  the  gas  ;  the  oxide  of  iron,  formed  by 
the  combustion,  drops  down  in  the  molten  state. 

The  true  explanation  of  the  part  played  by  the  oxygen  of 
the  air  when  substances  burn,  or  undergo  combustion,  was 
first  put  forward  by  Lavoisier  in  Paris  in  1778.  The  ex- 
planation thus  given  forms  the  foundation  of  all  the  present 
ideas  regarding  elements,  compounds,  chemical  action,  &c., 
so  that  the  discovery  of  oxygen  may  be  looked  upon  as 
marking  the  birth  of  modern  chemistry. 

Many  other  substances  may  be  employed  for  the  prepara- 
tion of  oxygen  ;  thus,  if  large  quantities  of  the  gas  are  needed, 
manganese  dioxide  (a  substance  of  frequent  occurrence  in 
nature)  may  be  heated  to  redness  in  an  iron  bottle ;  100 
parts  by  weight  of  the  oxide  yield  12*3  by  weight  of  oxygen. 
Oxygen  is  also  now  prepared  on  the  large  scale  direct  from  the 
air.  The  process  employed  depends  upon  the  fact  that  barium 
oxide  (p.  207)  when  heated  in  the  air  at  a  moderate  tempera- 
ture takes  up  more  oxygen  forming  barium  dioxide;  the 
latter,  when  more  strongly  heated  is  reconverted  into  barium 
oxide  and  oxygen  gas,  which  is  then  compressed  by  means 
of  pumps  into  strong  wrought-iron  bottles.  Other  methods 
which  have  been  proposed  for  manufacturing  oxygen  on  the 
large  scale  will  be  mentioned  under  bleaching  powder, 
and   sulphuric  acid  (see  pp.  128, 205). 

Another  interesting  decomposition  by  which  oxygen  is  set 
free  is  that  effected  by  sunlight  upon  the  carbonic  acid  gas  con- 
tained in  the  air ;  this  is  accomplished  by  means  of  the  green 
colouring  matter  of  plants.  Sunlight  has  the  power,  in 
presence  of  this  green  colouring  matter,  of  decomposing 
carbonic  acid  ;  the  carbon  is  taken  up  by  the  plant  for  its 
growth,  whilst  the  oxygen  is  set  free,  and  is  afterwards  used 
by  animals  for  the  support  of  the  process  of  respiration.  In 
the  act  of  inspiration  (filling  the  lungs)  animals  breathe  in 
the  oxygen  of  the  air,  whilst  in  that  of  expiration  (emptying 
the  lungs)  they  breathe  out  carbonic  acid  gas.  Hence  oxygen 
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is  necessary  to  animal  life,  wherefore  this  gas  was  formerly 
termed  vital  air.  The  chemical  change  which  oxygen  effects 
upon  the  body  of  the  animal  is  in  fact  identical  with  that 
which  goes  on  when  a  piece  of  charcoal  bums  in  the  air  or 
oxygen  ;  this  may  be  rendered  evident  by  a  simple  experi- 
ment. If  some  clear  lime-water  be  poured  into  a  bottle  of 
oxygen  in  which  charcoal  has  been  burnt,  the  lime-water  will 
become  milky,  owing  to  the  formation  of  a  compound  of  lime 
and  carbonic  acid  (called  chalk),  this  acid  being  produced 
by  the  combustion  :  if  the  air  contained  in  the  lungs  be  next 
blown  through  a  piece  of  glass  tubing  into  some  more  clear 
lime-water,  a  turbidity  (from  the  formation  of  chalk)  will  at 
once  occur,  proving  that  carbonic  acid  gas  is  g^ven  off  from 
the  lungs.  This  carbonic  acid  arises  from  the  oxidation  of  the 
constituents  of  the  animal  body,  and  by  this  oxidation  the  heat 
of  the  body,  which  is  greater  than  that  of  surrounding  in- 
animate objects,  is  sustained.  When  this  chemical  process 
stops  the  animal  dies,  and  the  temperature  of  the  body  sinks 
to  that  of  the  neighbouring  objects.  Carbonic  acid,  nitrogen, 
and  some  other  gases  cause  death  when  inhaled,  because  they 
do  not  contain  free  oxygen,  and  hence  the  process  of  oxida- 
tion in  the  body  ceases.  This  cause  of  death  is  independent 
of  any  poisonous  action  of  the  gases. 


Composition  of  Substances— Chemical  Symbols. 

When  the  composition  of  a  substance  is  determined  by 
resolving  the  compound  into  its  elementary  constituents,  a 
chemical  analysis  of  that  substance  is  said  to  have  been 
made ;  and  if  the  proportions  by  weight  in  which  each  of 
the  constituents  is  present  be  determined,  a  quantitative 
analysis  of  the  substance  has  been  made.  When  the  com- 
position is  ascertained  by  bringing  the  constituent  parts 
together,  we  are  said  to  determine  the  composition  by 
synthesis.  If  we  analyse  potassium  chlorate  we  find  that, 
from  whatever  source  this  salt  may  be  derived,  it  always 
possesses  the  same  unalterable  composition.  This  is  true 
of  every  definite  chemical  compound ;  indeed,  were  it  not 
so,  chemistry  as  a  science  could  not  exist.  Potassium 
chlorate  is  made  up  of  three  elementary  bodies,  chlorine, 
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potassium,  and  oxygen,  combined  together  in  the  following 
proportions  by  weight : 

Chlorine 35*37  parts  by  weight. 

PotAssium    ....      39*04 
Oxygen 47*88 


If 
It 


PotAKsium  Chlorate  .    122*29 


tt 


When  the  salt  is  heated,  the  whole  of  the  oxygen  comes 
ofT  tt»  gas  :  122*29  parts  yield  47*88  parts  of  oxygen,  while 
74*41  parts  of  a  white  solid  compound  of  chlorine  and 
potassium,  called  potassium  chloride^  remain  behind. 
Hence  the  weight  of  oxygen  which  can  be  obtained  from 
any  given  weight  of  potassium  chlorate,  and  vice  versd 
can  be  calculated. 

In  order  to  express  the  composition  of  substances  more 
conveniently  than  can  be  done  by  writing  the  names  of  the 
elementary  constituents  at  full  length,  chemists  use  a  kind  of 
short-hand,  or  symbolic  language,  some  of  the  principles  of 
which  must  now  be  shortly  explained.  Instead  of  writing 
the  whole  name,  the  first  letter  or  the  first  two  letters  of  the 
name  alone  are  employed  to  designate  the  element ;  some- 
times using  the  Latin  or  Greek  name.  Thus  CI  stands  for 
Chlorine,  O  for  Oxygen,  and  K  (from  Kali,  another  name  for 
Potash)  for  Potassium. 

These  letters,  however,  signify  more  than  this  ;  they  stand 
not  only  for  the  elements  in  question,  but  they  all  have  certain 
numbers  belonging  to  them  which  indicate  the  proportions 
by  weight  in  which  the  several  elements  are  found  by  ex- 
periment to  combine  with  each  other.  Thus  CI  does  not 
merely  express  the  name  of  the  substance,  chlorine,  nor  does 
it  stand  for  any  indefinite  quantity  of  it ;  nor,  again,  does  CI 
mean  any  absolute  weight  of  chhirinc  expressed  in  pounds, 
ounces,  or  grains.  It  does,  however,  denote  that  the  smallest 
«^uantity  by  weight  of  chlorine  which  ran  enter  into  chemical 
Q^xnbination  is  exactly  35*37  \\\wv%  ah  great  as  the  smallest 
qi^ik^untUv  of  hydrogen  (H),  which  aUo  enters  Into  combina- 
^in^>a.  Si>  that  the  symbol  HCi  means  that  a  wubslatu^c,  rallecl 
lJ2<<i)WH:lWionc  acid,  contains  35*37  timc»  as  nuich  chlorine  by 
w^Jkft^s  It  contains  hydrogen,  thi«  laltor  bpiUH;  rt*prcRcnted 
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as  the  unit.  In  like  manner  K  always  has  the  combining 
proportion  of  39*04  and  O  of  15*96.  Hence  it  is  evident  that 
we  may  express  by  symbols  not  only  the  qualitative  but  also 
the  quantitative  composition  of  chemical  substances.  Thus, 
potassitun  chlorate  consists  of 

Potassium  .    .    .    .    39*04  or  K. 

Chlorine    ....    35*37  „  CI. 

Oxygen 47-88  =  3  x  15*96  „  Oj. 

The  symbol  of  potassium  chlorate  is,  therefore,  KCIO3  : 
the  juxtaposition  of  the  letters  signifies  that  the  elements  are 
combined  together  in  the  proportions  by  weight  indicated  by 
the  respective  letters  ;  the  figure  3  placed  below  the  letter  O 
shows  that  the  combining  weight  of  oxygen  (15*96)  is  to  be 
taken  three  times.  The  sum  of  the  combining  weights  (in 
this  case  122*29)  of  the  elementary  constituents  is  called  the 
combining  weight  of  the  compound.  In  like  manner  each 
of  the  elements  has  its  particular  symbol  and  number 
attached,  signifying  the  proportion  by  weight  in  which  it 
combines  (see  Table,  pp.  6-8).  The  reasons  which  have  led 
chemists  to  adopt  these  special  numbers  for  the  combining 
weights  or  proportions  of  the  elements,  each  of  which  has 
been  determined  by  careful  experiment,  and  the  laws  which 
have  been  found  to  regulate  their  combination,  will  be 
explained  as  our  stock  of  chemical  facts  gradually  becomes 
larger.^ 

On  casting  the  eye  down  the  column  of  combining  weights 
on  pp.  6,  7,  and  8,  it  will  be  seen  that  many  of  these  numbers 
approach  nearly  to  whole  numbers : 


Thus  Oxygen  . 
„  Sulphur. 
„  Carbon  . 
„  Nitrogen 
„     Mercury 


„     Zinc 


&c 


15*96  is  nearly  16. 

31*98  „  32. 

11-97  „  12. 

1401  „  14. 

199*8  „  200. 

649  »,  65. 


&c. 


For  calculations  in  which  no  very  great  degree  of  exactitude 
is  needed,  it  will  suffice  to  employ  the  simpler  whole  num- 

1  These  combining  weights  or  proportions  are  usually  called  atomic  weights. 
The  meaning  of  this  term  is  explained  on  p,  57. 
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bers,  when  the  exact  combining  weight,  as  given  in  the  table, 
approaches  within  narrow  limits  of  a  whole  number.  In  the 
following  pages  the  calculations  have  usually  been  thus 
made.  In  cases  in  which  accuracy  is  requisite,  the  exact 
weights  as  given  in  the  table  must  of  course  be  employed. 
An  example  of  this  latter  kind  is  given  on  p.  29. 


OZONE. 

Pure  oxygen  undergoes  a  remarkable  modification  when 
a  series  of  electric  discharges  is  passed  through  the  gas  :  it 
thus  attains  more  active  properties  ;  it  possesses  a  peculiar 
smell,  and  is  able  to  set  free  iodine  from  potassium  iodide, 
as  well  as  to  effect  oxidations  which  common  oxygen  is  unable 
to  bring  about.  This  allotropic  (aXXoj,  another,  Tpojros,  form) 
modification  of  oxygen  has  been  termed  Ozone,  If  a  series 
of  silent  electric  discharges  be  passed  through  pure  oxygen, 
the  gas  becomes  diminished  in  volume  by  about  one-twelfth, 
and  is  partly  transformed  into  ozone  :  it  has  not  yet  been 
found  possible  thus  to  convert  the  whole  of  the  oxygen  into 
ozone.  If  however  a  substance  be  present,  such  as  potassium 
iodide,  capable  of  absorbing  the  ozone  as  it  is  formed,  the 
whole  of  the  oxygen  can  be  transformed  into  this  active 
modification.  The  peculiar  smell  which  is  observed  when 
an  electrical  machine  is  worked  is  caused  by  the  presence  of 
ozone ;  and  if  a  paper,  dipped  in  a  solution  of  potassium 
iodide  and  starch  paste,  be  held  opposite  a  point  on  the 
conductor  of  the  machine,  the  paper  becomes  blue  owing 
to  the  liberation  of  iodine  and  the  formation  of  a  blue 
compound  of  iodine  and  starch.  Ozone  can  be  obtained 
in  several  other  ways ;  it  is  formed  when  a  stick  of  phos- 
phorus is  allowed  to  hang  in  a  bottle  filled  with  moist  air  ; 
it  is  produced  in  small  quantities  in  the  electrolytic  decom- 
position of  water  (see  p.  34) ;  and  it  is  formed  by  the 
action  of  strong  sulphuric  acid  upon  a  salt  called  potassium 
permanganate. 

The  amount  of  condensation  which  common  oxygen 
undergoes^  as  well  as  the  quantity  of  ozone  formed,  being 
known,  the  density  of  ozone  can  be  ascertained.     It  is  found 
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that  ozone  is  li  times  as  heavy  as  oxygen  ;  that  is,  3  volumes 
of  oxygen  condense  to  form  2  volumes  of  ozone.  Ozone  has 
been  liquefied  by  exposure  to  high  pressure  and  great  cold, 
the  liquid  having  an  indigo  blue  colour.  When  ozone  is 
passed  through  a  moderately  heated  tube  it  is  decomposed  into 
ordinary  oxygen.  This  serves  to  distinguish  it  from  other  gases 
which  produce  the  same  oxidising  effect,  such  as  the  oxides 
of  nitrogen,  which  are  not  thus  decomposed,  and  also  from 
hydrogen  dioxide,  which  under  these  circumstances  yields 
water  and  oxygen. 

Ozone  exists  in  the  atmosphere,  and  its  presence  is  re- 
cognized by  the  blue  colour  which  it  imparts  to  paper 
impregnated  with  starch  paste  and  iodide  of  potassium 
solution.  It  is  not  found  in  the  air  of  towns  or  inhabited 
spaces,  as  it  is  decomposed  by  the  organic  matter  present  in 
such  air. 


HYDROGEN. 

Symbol  H.  Atomic  Weight  i.  Density  i. — Hydrogen  is 
a  colourless  invisible  gas,  possessing  neither  taste  nor  smell ; 
it  is  the  lightest  body  known,  being  14*43  times  lighter  than 
air.  It  occurs  free  in  small  proportions  in  certain  volcanic 
gases,  and  it  has  been  shown  to  exist  absorbed  in  cer- 
tain specimens  of  meteoric  iron ;  but  it  is  found  in  much 
larger  quantities,  combined  with  oxygen  to  form  water 
{vdmp,  water,  and  yfwaw,  I  produce),  and  it  is  by  the  decom- 
position of  water,  or  of  some  other  similar  hydrogen  compound, 
that  the  gas  is  always  prepared.  Hydrogen  appears  to  have 
been  first  obtained  by  Paracelsus  in  the  sixteenth  century,  but 
its  properties  were  first  exactly  studied  by  Cavendish  in  1781. 
One-ninth  of  the  weight  of  water  consists  of  hydrogen,  and 
this  gas  can  readily  be  obtained  from  it  by  the  action  of  cer- 
tain metals  which  decompose  the  water,  combining  with  the 
oxygen  to  form  a  metallic  oxide,  and  liberating  the  hydrogen 
as  a  gas.  The  metals  of  the  alkalis,  potassium  and  sodium, 
decompose  water  at  the  ordinary  temperature  of  the  air ;  some 
other  metals,  as  iron,  are  only  able  to  do  so  at  a  red  heat ; 

c 
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wbilat  others,  for  instance  silver  and  gold,  are  unable  to  de- 
compose water  at  all.  'When  a  small  piece  of  potassium  is 
thrown  into  water,  an  instantaneous  decomposition  of  the 
irater  ensues,  potassium  hydroxide  (caustic  potash)  is  formed, 
and  the  hydrogen  of  the  water  is  liberated,  so  much  heat 
being  at  the  same  time  evolved  that  th«  hydrogen  takes  fire 
and  bums.  If  the  potassium,  or,  still  better,  sodium,  be 
wrapped  in  a  piece  of  wire  gauze,  as  shown  in  Fig.  4,  and  thus 
held  below  the  surface  of  the  water  of  the  pneumatic  trough, 
under  the  mouth  of  a  cylinder,  the  hydrogen  gas  thus  liberated 
may  be  collected,  and  its  properties  examined. 


Water  con»sts  of  3  parts  by  weight  of  hydrogen  and 
I5'96  parts  by  weight  of  oxygen,  and  its  chemical  symbol  is 
therefore  H,0.  When  potassium  or  sodium  acts  upon  water, 
half  the  hydrogen  is  liberated,  the  metal  taking  its  place ; 
this  reaction  can  be  represented  by  a  chemical  equation,  as 
follows  ;— 

H,0  +  K  =  KHO  +  H,' 

or  water  and  potassium  yield  potassium  hydroxide  and 
hydrogeiL  This  equation  shows  us  that  for  every  i  part  by 
weight  of  hydrogen  which  is  liberated  (H),3g  parts  by  weight 

1  T1wsIgQ-|-  uiad in chcmiciil cquBtiDnt UEni£«  "ud" or*' together witK. ' 
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of  potassium  (K)  enter  into  combination,  and,  likewise,  that   I 
rhe  sum  of  the  wei|,'hts  of  the  products  obtained  is  equal  to   ' 
Chat  of  the  materials  taken.     The  hydroxide  which  is  formed 
dissolves  in  the  water,  but  its  presence  can  easily  be  detected 
either  by  the  peculiar  caustic  taste  which  the  solut" 
ses   (whence  its   name,  caustic  potash),  or  by  its  power  of 
turning  to  a  blue  colour  a  solution  of  litmus  which  has  been 
reddened  by  an  acid. 

To  prepare  hydrogen    by  the    ; 
on  water,  a  piece  of   wrought-ir 
iron  turnings,  must  be   healed  i 
steam  from  a  small  tlask  or  bt 
hot  metal  through  the  tube  ;  hydrogen  gas  is  given  off. 


oxide  of  iron  left  in  the  tube.     The  most  convenient  pro-  J 
cess   of  preparing  hydrogen   in  quantity,  depends  upon   t 
property   possessed  by  those   metals,  such  as  iron  or  zinc, 
"  which  decompose  water  at  a  red-heat ;  namely,  that  these 
metals  are  able  to  evolve  hydrogen  from  dilute  acids  a 
ordinary  temperature  of  the  air.     For  the  purpose  of  thus 
^  obtaining  hydrogen,  a  flask  or  bottle  is  provided  with  a  cork 
1  tube  as  represented  in  Fig.  6,  some  tine   clippings  are  ^ 
JRtroduced,  and  a  mixture  of  one  part  of  sulphuric  acid  (ai 
mpound  of  sulphur,  oxygen,  and  hydrogen)  and  eight  partail 
;r  poured  in  through  the  tube  funnel.    A  rapid  efrer-r| 
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Tcscence  soon  commences,  and  the  evolved  gas  is  collected 
over  water  in  bottles  or  cylinders  as  in  the  case  of  ovygen. 
Care  must,  however,  be  taken  that  all  the  air  is  expelled  from 
the  flask  before  the  hydrogen  is  collected  ;  this  is  easily 
ascertained  to  be  the  case  by  filling  a.  test-tube  with 
the  gas,  and  trying  whether  the  gas  burns  quietly  when  a 
lighted  candle  is  brought  to  the  mouth  of  the  tube  held 
downwards. 

If  we  concentrate  by  boiling  the  liquid  remaining  in  the 
flask  after  the  evolution  of  the  hydrogen,  we  find  that  white 
crystals  separate  out  when  the  liquid  cools ;  these  consist  of 
zinc  sulphate.  A  given  weight  of  zinc  (with  sulphuric  acid  and 
water)  can  always  be  made  to  produce  a  certain  weight  of 
hydrogen,  and  a  certain  weight  of  linc  sulphate  will  always 


be  formed.  It  is  found  by  experiment  that  2  parts  by  weight 
of  hydrogen  can  be  obtained  by  dissolving  65  parts  of  zinc 
with  the  formation  of  161  parts  of  line  sulphate.  This  can 
be  represented  by  the  equation  : 

H,SO,  +  Zd  =  ZnSOi  +  Hj, 

which  not  only  indicates  that  sulphuric  acid  and  zinc  yield 
zinc  sulphate  and  hydrogen,  but  also  informs  us  as  to  the 
weights  of  the  respective  substances  taking  part  in  the 
reaction ;  thus : 
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Hj  signifies  2  x     1  parts  by  weight  of  hydrc^en, 
S        ,,         I  X  32  „  „     sulphur, 

O4      „        4  X  16  =  64  „  „     oxygen, 

and  H2SO4  signifies  2  4-  32  +  64  =  98  parts  by  weight  of 
sulphuric  acid.  So  the  equation  tells  us  that  98  parts  by 
weight  of  sulphuric  acid  added  to  Zn  or  65  parts  by  weight 
of  zinc,  yield  ZnS04  or  161  parts  by  weight  of  zinc  sulphate, 
and  H2  or  2  parts  by  weight  of  hydrogen. 

Hydrogen  bums  in  the  air  when  a  light  is  brought  to  it 
with  a  very  slightly  luminous,  although  extremely  hot  flame ; 
and  in  this  process  the  hydrogen  combines  with  the  oxygen 
of  the  air,  forming  water.  The  production  of  water  by  the 
combustion  of  hydrogen  in  the  air  may  easily  be  shown  by 
bringing  a  bright  dry  glass  over  the  flame  of  hydrogen 


Fig.  7. 


issuing  from  a  fine  jet,  as  in  Fig.  7  ;  the  glass  becomes  at 
once  dimmed  owing  to  the  condensation  of  water  in  small 
drops  upon  the  cold  dry  surface.  A  number  of  these  drops 
can  be  collected,  and,  upon  examination,  they  are  found  to 
consist  of  pure  water.  Hydrogen  does  not  support  the 
combustion  of  a  candle,  nor  the  life  of  an  animal.  If  a 
burning  taper  is  pushed  up  into  a  cylinder  of  this  gas,  held 
with  its  mouth  downwards,  the  hydrogen  bums  at  the  mouth 
of  the  jar,  while  the  taper  is  extinguished  ;  it  can,  however. 
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be  relit  by  the  flame  at  the  mouth.  Hydrogen  can  be  poured 
from  one  vessel  to  another  in  the  air ;  but  as  it  is  lighter  than 
air  it  must  be  poured  upwards.  The  specific  gravity  of 
hydrogen,  when  air  is  taken  as  the  unit,  is  found  to  be 
0*0693 ;  but  for  several  reasons  we  shall  find  it  more  con- 
venient to  take  hydrogen  itself  as  our  unit,  and  compare  the 
weight  of  the  same  volumes  of  other  gases  with  hydrogen 
instead  of  air.  One  liter  of  hydrogen  gas  at  0°  C.  and  760 
mm.  pressure  weighs  0*0896  grams.  It  is  absorbed  in 
considerable  quantities  by  the  metals  palladium  and  platinum 
the  product  retaining  its  metallic  appearance  (see  p.  174) 
Hydrogen,  like  oxygen,  and  all  the  other  gases  can  be 
liquefied  by  the  application  of  g^eat  cold  and  great  pressure. 
This  was  proved  independently  by  Cailletet  in  France  and 
by  Pictet  in  Geneva.  The  temperature  needed  to  liquefy 
hydrogen  is  probably  below  —  200^. 

[The  pupil  must  carefully  work  out  the  examples  and 
exercises  given  for  each  Lesson  at  the  end  of  the  book,  and 
thus  test  the  accuracy  of  his  knowledge.] 


LESSON  III. 

PHYSICAL  PROPERTIES  OF  GASES,  ETC. 

It  becomes  now  of  importance  to  ascertain  not  merely  the 
weights  of  oxygen  or  hydrogen  capable  of  being  evolved 
by  using  given  weights  of  potassium  chlorate  or  zinc,  but 
likewise  the  volume  of  each  gas  thus  obtained.  Before  we 
can  enter  into  these  calculations  there  are  several  important 
preliminary  subjects,  with  the  principles  of  which  we  must 
make  ourselves  acquainted. 

The  first  of  these  is  the  metric  or  French  decimal  system 
of  weights  and  measures  ;  the  second  is  the  mode  of  measur- 
ing temperature,  and  the  construction  and  use  of  thermo- 
meters, together  with  the  laws  regulating  the  expansion  of 
gases  by  heat ;  whilst  the  third  relates  to  the  measurement  of 
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atmospheric  pressure  by  means  of  the  barometer,  and  the 
laws  regulating  the  changes  which  variations  of  pressure 
produce  in  the  volumes  of  gases. 


Metric  System  of  Weights  and  Measures, 


There  are  several  distinct  advantages  to  be  gained  by  the 
adoption  of  this  system,  the  chief  of  which  is  that  the  system 
is  throughout  a  decimal  one,  and  hence  all  calculations  for 
reduction,  such  as  occur  in  our  old  measures  (from  penny- 
weights to  tons,  or  from  inches  to  miles,  for  instance),  are 
avoided.  A  second  important  consideration  which  renders 
our  use  of  this  system  advisable,  is  that  it  is  now  generally 
adopted  by  men  of  science  in  all  countries.  The  starting 
point  of  this  system  is  the  establishment  of  a  unit  of  length 
called  a  meter ^  equal  to  rather  more  than  one  yard  (more 
exactly,  39*37  English  inches).  This  meter,  like  all  other 
standards  of  length,  is  an  arbitrary  length  :  a  standard  meter 
was  prepared,  and  of  this,  copies  are  made  for  use.^ 

The  meter  is  divided  into  tenths,  hundredths,  and  thou- 
sandths; these  parts  are  termed  respectively,  decimeterSy 
centimeters^  and  millimeters.  The  multiples  of  the  meter, 
tens,  hundreds,  and  thousands,  are  called  decameters^  hec- 
tometers ^  kilometers.  The  measures  of  area,  or  square 
measure,  and  those  of  capacity,  or  cubic  measure,  are 
easily  obtained ;  we  have  square  meters  and  square  deci-, 
centi-,  and  milli-meters  ;  we  have  also  cubic  meters  and 
cubic  deci^,  centi-,  and  milli-meters  ;  and  we  have  the  square 


1  When  the  meter  was  first  made,  it  was  intended  to  give  it  a  length  which 
should  have  some  reference  to  the  earth's  circumference,  and  a  standard  was 

made  which  had  the  length  of  the ^ part  of  the  distance  from  the  equator 

10,000,000 
to  the  pole,  as  measured  by  the  French  geometricians.     Subsequent  investiga* 
tions  have,  however,  proved  that  the  measurement  of  the  earth's  circumference 
then  made  is  not  quite  correct,  and  hence  the  meter  turns  out  to  be  not  quite 

(although  very  nearly)  the  part  of  the  true  distance  of  the  pole  frt>m 

10,000,000 

the  equator.     The  value  of  the  metric  system  does  not  at  all  depend  upon  this 

relation  between  the  earth's  circumference  and  the  meter.     Tfu  meter  is  the 

length  of  the  bar  of  metal  carefully  preserved  in  Paris,  from  which  copies  have 

been  taken  for  use. 
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and  cubic  measures  derived  from  the  multiples  of  the  meter 
in  the  same  way. 


xo  decimeters   .... 

loo  centimeters  .... 

x,ooo  millimeters  .... 

loo  square  decimeters  . 

10,000      „       centimeters 

1,000,000      ,,       millimeters 

1,000  cubic  decimeters  . 

t, 000,000      „       centimeters 

1,000,000,000      „       millimeters 


I  meter. 

>• 
>> 
X  square  meter. 

•I 

II 

X  cubic  meter. 

II 
II 


The  measure  on  the  margin  is  i  decimeter 
in  length;  it  contains  10  centimeters  and  100 
millimeters.  For  the  sake  of  simplicity  the 
word  /i/er  is  used  to  signify  i  cubic  decimeter 
(rather  less  than  an  English  quart). 

The  French  philosophers  who  arranged  this 
metric  system  wished  to  have  a  simple  relation 
between  the  measure  of  volume  and  that  of 
weight,  and  they  determined  to  take  as  their 
unit  of  weight  that  of  i  cubic  centimeter  of 
pure  water  of  the  temperature  of  4°  Centigrade 
weighed  at  Paris.  This  weight  is  termed  a 
gramme^  or  in  English  ^raw.  It  is  divided  like 
the  meter  into  tenths,  hundredths,  and  thou- 
sandths, called  respectively  deci-,  centi-,  and 
milli-gram  ;  whilst  to  the  tens,  hundreds,  and 
thousands  of  grams  the  names  deca-,  hecto-, 
and  kilo-gram  are  given.  A  table  showing  the 
relation  between  the  weights  and  measures  of 
the  metric  system  and  those  commonly  in  use 
in  this  country  is  given  in  the  Appendix. 
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Measurement  of  Temperature. —  Thermometers. 

Measurements  of  changes  of  temperature  are  always 
effected  by  ascertaining  the  expansion  or  contraction  which 
bodies  undergo  by  alteration  of  temperature.  For  this 
purpose  liquids  are  generally  used,  as  solids  expand  too  little, 
and  gases  too  much,  to  be  convenient  indicators.      Mercury 
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and  alcohol  are  the  liquids  commonly  employed,  especially 
the  former,  because  its  rate  of  expansion  is  nearly  uniform, 
and  because  the  range  of  temperature  which  can  be  measured 
by  a  mercurial  thermometer  is  large,  this  metal  boiling  at  a 
very  high  temperature  and  freezing  at  a  comparatively  low 
one.  Alcohol  is  used  when  low  temperatures  have  to  be 
measured,  as  this  liquid  freezes  with  the  greatest  difficulty. 
Air  thermometers  are  only  used  in  very  delicate  experiments 
in  physics.  For  temperatures  above  350**  instruments  termed 
pyrometers  are  employed  ;  these  are,  however,  rarely  required 
by  the  chemist. 

-  In  order  to  prepare  a  mercurial  thermometer  a  straight 
piece  of  glass-tubing,  having  a  bore  as  uniform  as  possible 
throughout  its  whole  length,  is  taken,  and  a  bulb  blown 
upon  the  end.  This  bulb,  together  with  the  whole  of 
the  tube,  is  then  filled  with  mercury,  and  heated  up  to  the 
highest  temperature  which  the  instrument  is  required  to 
measure  ;  the  open  end  of  the  tube  is  then  completely  closed, 
whilst  full  of  mercury,  by  melting  the  glass  before  the  blow- 
pipe. The  thermometer  thus  prepared  requires  graduating, 
in  order  that  its  indications  may  be  compared  with  those  of 
any  other.  This  graduation  is  effected  :  i.  By  plunging  the 
bulb  and  stem  into  finely-powdered  and  melting  ice,  and 
marking  on  the  stem  the  point  where  the  mercury  stands. 
2.  By  immersing  the  bulb  and  stem  in  the  steam  given  off 
from  water  boiling  in  a  metallic  vessel,  and  marking  off  the 
point  where  the  mercury  then  stands.  Care  must  be  taken 
during  this  last  experiment  that  the  height  of  the  barometer 
be  observed ;  the  reasons  for  this  precaution  will  be  explained 
further  on.  Having  obtained  these  two  fixed  points,  it  is 
easy  to  adapt  a  scale  to  the  thermometer.  Three  scales, 
each  of  which  is  capable  of  being  expressed  in  terms  of  the 
others,  are  at  present  in  use  :  i.  The  Centigrade  scale. 
2.  Fahrenheifs  scale.  3.  Riaumur's  scale.  In  the  Centi- 
grade scale  (which  we  shall  adopt,  it  being  the  one  almost 
universally  employed  in  scientific  works,  and  in  general  use 
on  the  Continent)  the  space  between  these  two  points — 
called  respectively  \}[i<&  freezing dxi^  boiling  points — is  divided 
into  100  equal  parts,  each  of  which  is  called  a  degree  ;  the 
Zero  of  the  scale  is  placed  at  the  freezing  point,  so  that  the 
boiling  point  is  100°  C.      Divisions  equal  in  size  to  these  are 
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continued  above  the  boiling  and  below  the  freezing  points, 
and  those  below  the  freezing-point  are  characterised  by  a 
minus  sign,  thus,  -  i°  €.,—  2"  C,  &c.  Fahrenheit  divided  the 
same  space  into  i8o  equal  parts,  each  of  which  is  called  a 
degree  Fahrenheit ;  he  did  not,  however,  commence  his 
scale  at  the  freezing-point,  as  he  erroneously  thought  that  he 
had  obtained  the  greatest  possible  degree  of  cold  by  making 
a  mixture  of  snow  and  salt ;  the  temperature  of  this  mixture 
he  found  to  be  32  of  his  degrees  below  the  freezing-point  of 
water  ;  he,  therefore,  called  the  freezing-point  32^  In  Fah- 
renheit's scale,  minus  numbers  are  employed  to  denote  degrees 
of  temperature  below  the  Zero  of  his  scale  ;  this  scale  is  the 
one  in  common  use  in  England,  but  is  the  most  inconvenient 
one  which  we  could  adopt.  Reau- 
mur's scale  (used  in  Russia  and 
Sweden)  resembles  the  Centigrade 
scale,  except  that  the  space  between 
the  freezing  and  boiling  points  is 
divided  into  80  equal  parts;  so 
that  water  boils  at  80°  Reaumur. 
The  connection  between  these  three 
scales  is  seen  at  a  glance  by  refer- 
ence to  Fig.  8.  The  relation  be- 
tween the  degrees  Fahrenheit, 
Centigrade,  and  Reaumur  is  ex- 
pressed by  the  numbers  9,  5,  4. 
In  converting  from  degrees  Fah- 
renheit to  Centigrade  or  Reaumur, 
we  must  remember  first  to  subtract  f^g-  8. 

32  and  then  reduce ;  whilst  when 

passing  from  degrees  Centigrade  and  Reaumur  to  Fahren- 
heit we  must  add  32  after  the  multiplication  and  division  are 
completed. 

If  very  exact  measurements  are  required,  several  pre- 
cautions must  be  taken  in  the  graduation  and  use  of  ther- 
mometers :  thus,  for  instance,  the  tube  must  be  calibrated 
— that  is,  the  irregularities  in  the  bore  must  be  determined, 
and  allowed  for,  whilst  any  slight  alteration  in  the  position 
of  the  freezing-point  must  from  time  to  time  be  ascertained. 
Different  mercurial  thermometers  often  show  slight  differ- 
ences in  their  indications,  owing  to  the  unequal  expansion  of 
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different  kinds  of  glass  ;    hence  it  is  necessary  in  exact 
experiments  to  have  recourse  to  the  air  thermometer. 


Expansion  of  Gases  by  Heat, 

Solid  and  liquid  bodies  expand  much  less  for  equal  incre- 
ments of  heat  than  gases ;  they  also  all  expand  differently, 
whilst  all  gases  expand  alike,  or  very  nearly  so.  The  ex- 
pansion of  solids  and  liquids  is  a  subject  with  which,  in 
elementary  chemistry,  we  have  little  to  do,  whilst  a  knowledge 
of  the  laws  regulating  the  expansion  of  gases  is  of  more  imme- 
diate importance.  It  has  been  found  by  exact  and  laborious 
experiment  that  all  gases  expand  ^f  ^  part  of  their  volume 
at  0°  C.  for  every  increase  in  temperature  of  1°  Centigrade, 
and  this  is  known  as  the  Law  of  Charles^ 


Thus 

273 

volumes  of 

air  or 

hydrogen 

at  0°  C. 
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The  decimal  fraction  corresponding  to  ^^  is  •'003665  ;  i 
volume  of  air  at  0°  C.  becomes  1*003665  volumes  when 
heated  to  1°  C.  This  fraction  is  called  the  co-efficient  of  the 
expansion  of  gases}  If  we  require  to  know  the  volume 
which  1,000  cubic  centimeters  of  hydrogen  measured  ato°C. 
will  occupy  when  the  temperature  is  raised  to  20°,  we  must 
remember  that  the  alteration  in  bulk  takes  place  in  the  ratio 
of  the  numbers  273  to  273  +  20.  Hence  we  multiply  1,000 
by  293,  and  divide  by  273.  If  we  require  to  know  what  the 
volume  1,000  cc.  measured  at  20°  C.  will  occupy  when  the 
temperature  sinks  to  0°,  we  have  to  remember  that  the 
diminution  in  volume  follows  the  same  law,  and  that,  there- 
fore, 293  vols,  at  20°  will  become  273  vols,  at  0°.  If  we  have 
1,000  cc.  of  gas  at  20°,  and  desire  to  know  the  volume  which 

1  Regnault  and  Magnus  have  shown  that  hydrogen  gas  expands  rather  less 
than  atmospheric  air,  whilst  carbonic  acid  gas  expands  rather  more  than  air. 
The  00-efficients  of  expansion  from  o"*  to  ioo°  obtained  by  these  two  renowned 
experimentalists  are  as  follows : — 

Regnault.  Magnus. 

Hydrogen 0*36614  0*36556 

Carbonic  Acid  .    .   .  0*37099  0*36909 
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it  will  occupy  at  50°,  we  have  in  like  manner  to  remember, 
that  273  +  20,  or  293  vols,  at  20°  become  273  +  50,  or  323 
vols,  at  50°  ;  and  then  we  can  easily  find  the  alteration  in 
volume  which  the  1,000  cc.  of  gas  will  undergo  when  heated 
from  20°  to  50°. 


Relation  of  Volume  of  Gases  to  Pressure, 

When  a  gas  is  subjected  to  an  increase  of  pressure,  the 
volume  of  the  gas  becomes  less  ;  and  when  the  pressure  is 
withdrawn,  the  gas  immediately  expands  again,  and  occupies 
exactly  the  same  volume  which  it  did  before  the  pressure  was 
increased.  Solid  and  liquid  bodies  cannot  be  compressed  in 
the  same  way.  Gases  are  hence  known  as  compressible  fluids, 
and  liquids  as  incompressible  fluids :  liquids,  however,  really 
are  compressible,  but  only  to  a  very  slight  extent ;  like  gases, 
they  recover  their  original  volume  on  removal  of  the  pressure. 
The  law  representing  the  relation  between  the  volumes  of  a 
gas  and  the  pressures  to  which  the  gas  is  subjected  is  a  very 
simple  one  :  it  is  termed  Boyle's  or  Mariotte's  Law,  from  the 
names  of  the  discoverers :  it  states  that  the  volume  occupied 
by  any  gas  is  inversely  proportional  to  the  pressure  to  which 
it  is  subjected.  Thus,  for  instance,  the  volume  i  under 
pressure  i  becomes  the  volume  2  under  the  pressure  J,  the 
volume  3  under  the  pressure  i,  the  volume  i  under  the 
pressure  2,  and  the  volume  i  under  the  pressure  3,  and  so 
on.^  For  a  description  of  the  experimental  proof  of  this  law, 
a  work  on  Physics  must  be  consulted. 

The  instrument  which  serves  to  measure  the  pressure 
exerted  by  the  air  is  termed  a  barometer  (Fig.  9).  This  in 
its  simplest  form  consists  of  a  straight  glass  tube,  about  800 
mm.  (32  inches)  in  length,  closed  at  one  end,  and  furnished 
with  a  millimeter  scale.  This  tube  is  filled  with  dry  mercury, 
and  the  open  end  placed  downwards  in  a  basin  containing 

1  This  law,  like  many  other  physical  laws,  is  only  an  approximation  to  the 
truth  as  ascertained  by  exact  expenment.  No  gases  obey  the  law  exactly  when 
hteh  pressures  are  used,  as  all  gases  can  be  liquefied  by  great  pressure  and  great 
cold,  and  many  deviate  perceptibly  long  before  the  point  of  liquefaction  is 
reached  ;  still,  as  these  deviations  are  but  very  slight,  we  may  assume,  for  the 
purposes  of  our  calculations,  and  when  the. changes  of  pressure  are  not  very 
larj^e,  the  absolute  truth  of  the  law  of  Boyle. 
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the  same  metal.  It  is  then  seen  that  the  mercury  sinks  in 
the  tube  to  a  point  about  760  mm.  from  the  surface  of  the 
metal  in  the  basin  :  it  is  sustained  in  this  position  by  the 
pressure  of  the  air.  When  this  pressure  increases,  the 
height  of  the  sustained  column  becomes  greater ;  when  it 
diminishes,  the  level  of  the  mercury  in  the  tube  falls.  All 
gases  generated  at  the  earth's  surface  are  subject  to  this 
pressure,  and  their  volumes  increase  or  diminish  according 
to  the  above  law,  as  the  superincumbent  pressure  becomes 

less  or  greater. 

In  estimating  the  volume  of  hydro- 
gen which  can  be  collected  from  a  given 
weight  of  zinc  and  sulphuric  acid,  it  is 
clear  that  we  require  to  know  not  only 
the  temperature  at  which  the  gas  is 
collected,  but  also    the    atmospheric 
pressure  under  which  it  is  measured  ; 
and  in  order  to  be  able  to  compare  the 
bulks  of  two  gases,  we  must  always 
compare  them  under  like  conditions  of 
temperature  and  pressure.     For  this 
purpose  we  agree  to  compare  all  the 
volumes    of   gases    at    the    standard 
temperature  of  0°  C.  and  under  the 
standard  pressure  of  yGo  millimeters 
of  mercury.     Suppose  now  that  we 
desire  to  know  what  weight  of  potas- 
sium chlorate  we  need  to  take  in  order  to  fill  with  oxygen  gas 
a  gasholder  having  a  capacity  of  10  liters,  the  temperature  of 
the  room  being  15°  C.  and  the  barometer  standing  at  752  vaxa. 
We  know  (1)  that  122*29  parts  by  weight  of  potassium  chlorate 
yield  47*88  of  oxygen  ;  (2)  that  a  liter  of  oxygen  at  0°  C.  and 
760  mm.  weighs  i  '4298  grams.     We  must  now  ask :  What 
volume  will  10  liters  of  oxygen  occupy  if  measured  at  0°  C. 
and  under  the  pressure  of  760  mm.  }    The  volume  will  be 

10  X  752  X  27*5 

-2 -. ; :  =0*38  liters.    But  i  liter  of  oxygen  measured 

760  X  (275+15)     ^  ^  ^^ 

at  0°  and  760  mm.  weighs  i  '4298  grm.,  9*38  liters  measured 

under  the  same  circumstances  will  weigh  13*413  grms.    Next 

we  require  to  know  how  many  grams  of  potassium  chlorate 

will  furnish  this  weight  of  oxygen  ;  as  every  122*29  parts 


^* 


Fig.  9. 
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of   chlorate    yield   47*88   parts  of  oxygen  we  shall  need 

122*20  X  I3'4i3 

— «^ =  34*26   grams  of  potassium    chlorate.      In 

the  same  way  we  can  calculate,  for  instance,  the  weight  of 
zinc  and  sulphuric  acid  needed  to  inflate  a  balloon  of 
the  capacity  of  1 50  cubic  meters  with  hydrogen  when  the 
thermometer  stands  at  1 1°  C.  and  the  barometer  at  763  mm. 
[The  student  will  do  well  to  work  out  numerous  examples 
of  this  kind,  in  order  to  familiarize  himself  with  these 
methods  of  calculation  (see  Exercises  at  the  end  of  the  book, 
and  also,  Thorpe's  Questions  in  Chemistry)^ 


Diffusion  of  Gases. 

Another  physical  property  of  gases  is  that  oi  diffusion.  Gases 
which,  when  brought  into  contact  with  one  another,  do  not 
combine  chemically,  have  the  power  of  becoming  intimately 
mixed  together,  even  when  differing  in  specific  gravity,  and 
when  the  heavier  gas  is  placed  at  the  bottom,  and  both  remain 
at  rest.  This  important  property  is  called  the  diffusive  power 
0/ gases.  The  rate  at  which  gases  diffuse  varies  greatly.  Thus, 
a  bottle  filled  with  hydrogen  lost  945  per  cent,  of  this  gas  when 
left  exposed  to  the  air  in  the  same  time  as  that  in  which 
•a  bottle  of  carbonic  acid  lost  only  47  per  cent,  of  this  gas 
in  the  same  way.  Gaseous  diffusion  goes  on  through  the 
minute  pores  of  certain  solids,  such  as  stucco,  or  thin  plates 
of  graphite  ;  the  different  diffusive  rates  of  air  and  hydrogen 
may  be  well  seen  by  fixing  a  thin  piece  of  stucco  on  to  one 
end  of  a  glass  tube  open  at  the  other  end,  and  filling  this 
with  hydrogen  ;  on  plunging  the  open  end  into  water  a  steady 
rise  of  this  liquid  in  the  tube  is  noticed,  and  after  some  time 
the  whole  of  the  hydrogen  is  found  to  have  disappeared,  and 
the  tube  contains  only  pure  air.  Experiments  made  upon 
this  subject  have  shown  that  the  velocity  of  diffusion  of.  dif- 
ferent gases  is  inversely  proportional  to  the  square  roots  of 
their  densities  j  thus  4  volumes  of  hydrogen  will  pass  through 
the  diaphragm  in  the  same  time  that  i  volume  of  oxygen 
is  able  to  do  so,  oxygen  being  sixteen  times  as  heavy  as 
hydrogen.     This  property  of  gases  has  an  important  bearing 
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upon  the  atmosphere  of  towns  and  dwelling-rooms,  which  is 
kept  pure  to  a  great  extent  by  this  diffusive  power  of  gases. 

The  following  table  gives  the  rates  of  diffusion,  as  deter- 
mined by  Graham,  of  several  gases,  that  of  air  taken  to  be 
equal  to  i,  compared  with  the  inverse  square  roots  of  their 
densities,  air  also  taken  as  the  unit : — 


Density 
air  =  I. 

I 

Velocity  of 
diffusion 
air  =  1. 

v/density. 

HvdroEcn  ...•••.•• 

0*06926 
0*97130 
1*10560 
1*52900 

3*7790 
1*0150 

0*9510 

0-8087 

3*830 
1*014 

o*949 
o-8i2 

Nitrogen 

Oxygen  .   .^ 

Carbon  dioxide 

LESSON  IV. 


OXIDES  OF  HYDROGEN. 


We  are  acquainted  with  two  compounds  of  oxygen  and 
hydrogen,  namely  : — 

(i)  IVaier  or  Hydrogen  Mon-oxide.  Symbol  HjO.  Mole-: 
cular  Weight  17*96,  Density  8*98. 

(2)  Hdyrogen  Di-oxide,  Symbol  H^O^  Molecular  Weight 

33*92. 

Water. 

When  hydrogen  bums  in  the  air  water  is  formed  by  the 
union  of  the  former  gas  with  oxygen.  The  discovery  of  the 
composition  of  water  was  made  in  1781  by  Kenry  Cavendish, 
who  showed  that  two  volumes  of  hydrogen  unite  with  one 
volume  of  oxygen  to  form  water.  In  order  to  prove  this. 
Cavendish  made  a  mixture  of  these  gases  in  this  proportion 
by  volume  in  a  jar,  and  then  allowed  them  to  pass  into  a 
strong  dry  glass  vessel  shown  in  Fig.  10,  A,  from  which 
the  air  had  been  pumped  out.  By  means  of  two  platinum 
wires  melted  through  the  glass  (at  b),  an  electric  spark 
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couldbe  passed  through  the  mixture  of  two  gases,cau5ing  their 
explosive  combination :  dew  was  then  seen  to  be  deposited 

upon  the  sides  of  the  vessel,  and  when  the  stopcock  was 
opened  under  water,  this  liquid  rushed  in,  filling  the  whole 
space  formerly  occupied  by  the  mixed  gases.  Cavendish 
weighed  the  vessel  before  and  after  the  e-iplosion,  and, 
knowing  the  weight  of  the  gases  taken,  he  found  that  the 
weight  of  the  water  produced  was  the  same  as  that  of  the 
gases  which  combined. 


Composition  of  Water  by  Volume. 

Since  the  above-mentioned  year,  the  c.'^act  composition 
of  water  has  been  made  the  subject  of  careful  synthetical 
experiment  by  many  chemists,  and  the  result  has  been  to 
confirm  by  much  more  delicate  methods  this  original  con' 
elusion.  The  most  accurate  of  these  methods  of  ascertain- 
ing the  composition  of  water  is  a  modification  only  of  that 
originally  used  by  Cavendish.  We  employ  for  this  purpose  a 
long,  accurately  graduated,  strong  glass  tube  called  a  Eudio^ 
meter  (A,  Fig.  ii),  open  at  one  end  and  closed  at  the  other, 
whilst  through  the  glass  at  the  top  are  melted  two  platinum 
wires.  This  tube  is  first  filled  with  mercury,  and  placed 
mouth  downwards  over  a  trough  filled  with  this  metal 
Hydrogen  gas  is  now    allowed   to    enter    the    tube,    and 
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the  volume  admitted  measured  (suppose  it  equal  to  it» 
volumes)  ;  oxygen  gas  is  next  admitted,  and  the  volume  of 
the  two  mixed  gases  measured  (suppose  that  7;  volumes  of 
oxygen  are  added).  In  making  this  experiment,  care  must, 
however,  be  taken  that  the  temperature  and  atmospheric 
pressure  are  carefully  measured  by  means  of  the  thermometer 
(/)  and  the  barometer  (b)  shown  in  the  figure;  it  is  also 
necessary  that  the  tube  be  not  more  than  half  full  of  the 
gaseous  mixture,  as  great  heat  is  evolved  by  the  combustion, 
and  hence  a  sudden  increase  of  volume  occurs,  for  which 


reason  it  is  necessary  to  press  down  the  open  end  of  the 
lube  upon  a  plate  of  caoutchouc  placed  under  the  mercury. 
An  electric  spark  is  now  passed  through  the  gas  along  the 
platinum  wires,  when  a  flame  is  seen  to  pass  down  through 
the  gas,  showing  that  combination  has  occurred  ;  the  water 
produced  will  be  deposited  as  dew  upon  the  inside  of  the 
tube,  and  will  then  only  take  up  about  jq^n  part  of  the  bulk 
which  its  constituent  gases  occupied,  so  that  its  volume  may 
be  neglected.  When  the  bottom  of  the  eudiomeieris  opened, 
the  column  of  mercury  in  the  tube  rises,  and  we  shall  then 
that  only  25  volumes  of  gas  remain,  and  this  turns  out 
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to  be  pure  oxygen.  Thus  we  see  (hat  too  volumes  of  hydrogea 
require  exactly  50  volumes  of  oxygen  for  their  complete 
irombustion.  By  a  modification  of  this  experiment,  it  can  be 
shown  that  the  volume  of  the  gaseous  water  formed  occupies 
exactly  loo  volumes ;  or  2  volumes  of  hydrogen  unite  with  I 
volume  of  oxygen  to  form  2  volumes  of  steam,  hence  the 
density  of  steam  or  weight  of  I  volume  is  .^^ =  S\/&, 

The  most  striking  method  of  demonstrating  the  composi- 
tion of  water  analytically  is  by  splitting  it  up  into  its  con- 
stituent gases  by  means  of  a  current  of  voltaic  electricity. 
For  this  purpose  we  will  fiUa  glass  vessel  (Fig.  ii)withwatei 


acidulated  with  sulphuric  acid  to  enable  it  to  conduct  the 
electricity,  and  bring  two  test-tubes  filled  with  water  and  in- 
verted into  this  vessel  over  two  small  platinum  plates  attached 
to  wires  of  the  same  metal  passing  through  the  caoutchouc 
■stopper  at  the  bottom  of  the  glass  ;  on  connecting  these  with 
the  terminalsof  a  battery  of  three  or  four  of  Grove's  elements, 
an  evolution  of  gas  from  each  plate  is  noticed  :  that  disen- 
gaged from  the  plate  in  connection  with  the  platinum  end  of 
the  battery  is  found  to  be  pure  oxygen ;  whilst  that  coming 
off  from  the  other  plate  connected  with  the  zinc  end  of  the 
battery  is  pure  hydrogen  gas.     Ifthe  two  tubes  be  graduated, 
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hydrogenis  a  very  little 
1  ;  for,  owing  to  tlie  fact 
1  water  than   hydrogen, 


it  will  be  seen  that  the  volume  of  t'l 
more  than  double  that  of  the  oxygi 
that  oxygen  is  rather  more  soluble 
we  do  not  in  this  way  get  quite 
the     exact     proportions.  ■    In 
order  to  collect  the  detonating 
mixed  gases  evolved  by  this 
electrolytic    tiecomposilion     of 
water,  an  apparatus  represented 
in  Fig.  13  may  be  employed. 

»Compoiilion  of  Water  by 
Weight. 

Oxygen  being  15'96  times  as 
heavy  as  hydrogen,  and  these 
gases  combining  to  form  water 
in  the  proportions  by  volume 
of  one  volume  of  the  formei  f";-  '3 

to  two   of  the  latter,  we  now 

know  that  the  proportions  by  weight  in  which  these  gases 
exist  in  water  must  be  as  1S"96  to  a.  It  is  nevertheless  most 
important  that  this  calculation  be  verified  by  direct  experi- 
ment For  this  purpose,  use  is  made  of  the  fact  that  copper 
oxide  when  heated  alone  docs  not  part  with  any  of  its  oxygen, 
but  when  heated  in  presence  of  hydrogen  it  parts  with  as 
much  oxygen  as  will,  by  combining  with  the  hj'drogen,  form 
water,  being  itself  wholly  or  partly  reduced  to  metallic 
copper.  If,  therefore,  we  take  a  known  weight  of  copper 
oxide,  heat  it,  and  pass  pure  hydrogen  over  it  until  it  has 
parted  with  all  its  oxygen,  and  if  we  collect  and  weigh  all  the 
water  thus  formed,  and  likewise  weigh  the  remaining  metallic 
copper,  we  shall  have  made  a  synthesis  by  weight  of  lualer. 
For  the  loss  in  weight  of  the  copper  oxide  is  the  weight  of 
oxygen  which  has  combined  with  hydrogen  to  form  water  ; 
and  the  ditference  between  this  weight  and  that  of  the  water 
formed,  is  the  weight  of  the  hydrogen  thus  combined.  The 
arrangement  used  for  this  determination  is  represented  in 
Fig.  14,  The  hydrogen  evolved  by  lincfrom  sulphuric  acid  in 
the  bottle  on  the  left  hand  is  purified  from  any  trace  of 
sulphur,  and  moisture  which  it  may  contain  by  pass- 
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ibcred  I  (o  7,  Fig.  Ij,  c 
The  tube  No.  8,  containing  a, 
very  hygroscopic  substance,  is 
wetglied  both  before  and  afierthe 
experiment  :  and  if  no  increase 
occurs,  the  dryness  of  the  gas  is 
insured.  The  gas  then  couiesin 
a  perfectly  pure  state  into  contact 
with  the  heated  copper  oxide 
contained  in  the  bulb  A.  This 
first  bulb,  which  is  accurately 
weighed,  is  placed  in  connec- 
tion with  a  second  btilb  B,  in 
which  the  water  formed  by  the 
reduction  of  the  oxide  collects  ; 
any  moisture  which  may  escape 
condensation  in  this  bulb  is  re- 
tained in  weighed  drj'ing  lubes, 
9  to  12,  containing  fragments 
"  of  pumice  moistened  with  sul- 
!^  phuric  acid.  Most  careful  ex- 
periments made  according  to 
this  method,  carried  out  with 
many  precautions  which  cannot 
here  be  detailed,  have  shown 
that  8886  parts  of  oxygen  by 
weight  unite  with  11*14  parts  of 
hydrogen  to  form  100  parts  of 

Free  oxygen  and  hydrogen 
combine  together,  when  a  light 
is  brought  in  contact  with  them, 
with  so  much  force  that  a  violent 
and  dangerous  explosion  occurs 
from  the  sudden  expansion 
caused  by  the  great  heat  evolved 
in  combination.  If  we  fill  a 
strong  scida-water  buttle  one- 
third  fiill  of  oxygen  and  two-thirds  of  hydrogen,  and  then 
bring  a  fiame  to  the  mouth,  the  gases  combine,  producing  a 
sudden  detonation  like  t!ie    report  of  a  pistol.      Many  fatal 
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accidents  have  occurred  to  persons  who  have  carelessly 
experimented  with  large  volumes  of  this  explosive  mixture. 
In  order  to  exhibit  the  great  heat  evolved  by  the  combi- 
nation of  the  two  gases,  the  oxyhydrogen  blowpipe  is  em- 
ployed ;  in  this  arrangement  the  gases  are  contained 
separately  in  two  caoutchouc  bags,  being  only  brought 
together  at  the  point  at  which  the  combination  is  desired 
to  take  place,  so  that  all  danger  of  explosion  is  avoided. 
The  flame  thus  produced  is  very  slightly  luminous,  but 
its  temperature  is  so  high,  that  the  most  difficultly  fusible 
metals,  such  as  platinum,  may  be  easily  melted  in  it,  whilst 
iron  wire  held  in  the  flame  burns  with  beautiful  scintil- 
lations, forming  an  oxide  of  iron.  A  piece  of  chalk  or  lime 
placed  in  this  flame  becomes  heated  to  bright  whiteness, 
and  emits  an  intense  light,  known  as  the  oxyhydrogen  lime' 
lighty  largely  employed  for  signal  purposes,  lanterns,  &c. 

Properties  of  Water, 

Water  exists  in  nature  in  three  forms  :  in  the  solid  form  as 
ice,  in  the  liquid  state  as  water,  and  in  the  gaseous  form  as 
steam.  At  all  temperatures  between  0°  and  100°  C.  it  exists 
in  the  liquid  state,  and  above  100°  it  entirely  assumes  the 
gaseous  form  (under  the  ordinary  atmospheric  pressure  of 
760  nmi.).  The  melting-point  of  ice  is  always  found  to  be 
a  constant  temperature,  and  hence  it  is  taken  as  the  zero  of 
the  Centigrade  scale  ;  water  may,  however,  under  certain 
conditions,  be  cooled  below  0°  C.  without  becoming  solid ; 
but  ice  can  never  exist  at  a  temperature  above  0°  C.  In 
passing  from  the  solid  to  the  liquid  state,  water  becomes 
reduced  in  volume,  and  on  freezing  a  sudden  expansion  (from 
I  volume  to  i  '09)  takes  place.  That  this  expansion  exerts 
an  almost  irresistible  force  is  well  illustrated  by  the  splitting 
of  rocks  during  the  winter.  Water  penetrates  into  the 
cracks  and  crevices  of  the  rocks,  and  on  freezing  widens 
these  openings  ;  this  process  being  repeated  over  and  over 
again,  the  rock  is  ultimately  split  into  fragments.  Hollow 
balls  of  thick  cast-iron  can  thus  easily  be  split  in  two  by 
filling  them  with  water  and  closing  by  a  tightly  fitting  screw  ; 
and  then  exposing  them  tp  a  temperature  below  0°  C. 

In  the  passage  from  solid  ice  to  liquid  water,  we  not  only 
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elastic  force^   or   tension  of  aqueous  vapour ;    it  may  be 
measured,  when  a  small  quantity  of  water  is  placed  above  the 
mercury  in  a  barometer,  by  the  depression  which  the  tension 
of  the  vapour  thus  given  off  is  capable  of  exerting  upon  the 
mercurial  column  (as  in  Fig.  9).     If  we  gradually  heat  the 
drops  of  water  thus  placed  in  the  barometer,  we  shall  notice 
that  the  column  of  mercury  gradually  sinks  ;  and  when  the 
water  is  heated  to  the  boiling-point,  the  mercury  in  the  baro- 
meter tube  is  found  to  stand  at  the  same  level  as  that  in  the 
trough,  showing  that  the  elastic  force  of  the  vapour  at  that 
temperature  is  equal  to  the  atmospheric  pressure.     Hence 
water  boils  when  the  tension  of  its  vapour  is  equal  to 
the  superincumbent  atmospheric  pressure.     On  the  tops  of 
mountains,  where  the  atmospheric  pressure  is  less  than  at 
the  sea's  level,  water  boils  at  a  temperature  below  100°  :  thus 
at  Quito,  where  the  mean  height  of  the  barometer  is  527  mm., 
the  boiling-point  of  water  is  90^*1  ;  that  is,  the  tension  of 
aqueous  vapour  at  90°*!  is  equal  to  the  pressure  exerted  by  a 
column  of  mercury  527  mm.  high.     Founded  on  this  prin- 
ciple, an  instrument  has  been  constructed  for  determining 
heights  by  noticing  the  temperatures  at  which  water  boils.     A 
simple  experiment  to  illustrate  this  fact  consists  in  boiling 
water  in  a  globular  flask,  into  the  neck  of  which  a  stopcock 
is  fitted :    as  soon  as  the  air  is  expelled,  the  stopcock  is 
closed,  and  the  flask  removed  from  the  source  of  heat ;  the 
boiling  then  ceases  ;  but  on  immersing  the  flask  in  cold  water 
the  ebullition  recommences  briskly,  owing  to  the  reduction  ot 
the  pressure  consequent  upon  the  condensation  of  the  steam  ; 
the  tension  of  the  vapour  at  the  temperature  of  the  water  in 
the  flask  being  greater  than  the  diminished  pressure.     All 
other  liquids  obey  a  similar  law  respecting  ebidlition  ;  but  as 
the  tensions  of  their  vapours  are  very  different,  their  boiling- 
points  vary  considerably. 

When  steam  is  heated  alone,  it  expands  according  to  the 
law  previously  given  for  permanent  gases  ;  but  when  water 
is  present,  and  the  experiment  is  performed  in  a  closed  vessel, 
the  elastic  force  of  the  steam  increases  in  a  far  more  rapid 
ratio  than  the  increase  of  temperature.  The  following  table 
gives  the  tension  of  aqueous  vapour,  as  determined  by 
experiment,  at  different  temperatures  measured  on  the  air 
thermometer. 
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Tension  of  the  Vapour  of  Water, 


Tension  in 

Temperature, 
Centigrade. 
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Centigrade. 
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6 

30 
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8 

40 
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SO 
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12 

60 
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H 

70 
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16 

80 

354*280 

207*7 

18 

90 

525*450 

213*0 

20 

100 

760*000 

224*7 

25 

We  now  see  why  the  barometric  height  must  be  noticed  in 
graduating  a  thermometer  (page  25) ;  if  the  height  differ 
from  760  mm.  the  temperature  of  the  water  boiling  under  that 
pressure  will  not  be  quite  100°  C.  A  metal  vessel  is  here 
employed,  because  it  is  found  that  water  does  not  always 
boil  at  100°  in  glass  vessels,  ev§n  though  the  atmospheric 
pressure  be  760  mm.,  owing  to  some  molecular  action 
analogous  to  cohesion  between  the  glass  and  water. 

Pure  water  and  ice,  when  seen  in  large  masses,  are  found 
to  possess  a  blue  colour  ;  this  is  clearly  noticed  in  the 
glaciers  and  lakes  of  Switzerland. 

In  order  to  obtain  pure  water  the  chemist  is  obliged  to 
distil  river  or  spring  water  (that  is,  to  boil  the  water  and 
collect  the  water  formed  by  the  condensation  of  the  steam 
thus  produced),  as  all  naturally  occurring  water  contains 
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more  or  less  solid  matter  in  solution  derived  from  the  surface 
of  the  earth  over  which  the  water  flows  ;  this  dissolved  solid 
matter  is  left  behind  on  boiling  off  the  water.  Solid  matter 
in  suspension  can  be  got  rid  of  by  the  simpler  process  of 
filtration  through  paper,  sand,  &c.  An  arrangement  for 
distillation  on  a  small  scale,  as  used  in  laboratories,  is  seen 
in  Fig.  i6  ;  it  consists  of  a  glass  retort  in  which  the  impure 
water  is  placed,  connected  with  a  condenser,  made  of  two 
glass  tubes,  between  which  a  current  of  cold  water  is  made  to 
circulate.  The  distilled  water  is  collected  in  the  flask  placed 
at  the  end  of  the  apparatus. 

Rain-water  is  the  purest  form  of  water  occurring  in  nature, 
but  even  this  contains  impurities  derived  from  the  dust,  &c, 
in  the  air,  and  no  sooner  does  it  touch  the  earth's  surface 


Fig.  i6. 

than  it  dissolves  some  of  the  materials  with  which  it  comes 
in  contact,  and,  according  to  the  nature  of  the  ground  over 
which  it  passes,  becomes  more  or  less  impure.  All  fresh- 
water on  the  earth's  surface  has  been  derived  from  the 
ocean  by  a  vast  process  of  distillation,  having  been  de- 
posited in  the  form  of  rain  or  snow  from  the  atmosphere. 

All  the  rain-water  ultimately  passes  in  the  form  of  spring- 
water,  or  river-water,  into  the  sea,  carrying  with  it  the  soluble 
constituents  which  have  been  dissolved  out  from  the  strata 
through  which  it  has  percolated.  In  consequence  of  this 
continual  accession  of  soluble  salts,  and  removal  of  pure 
water  by  evaporation,  the  sea-water  is  rendered  salt ;  it  con- 
tains about  35  parts  of  solid  matter  (28  of  which  consist  of 
common  salt,  or  sodium  chloride)  in  solution  in  1,000  parts 
of  water. 
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Water  is  the  most  general  solvent  for  chemical  substances 
with  which  we  are  acquainted.  Most  salts  are  soluble  to  a 
greater  or  less  extent  in  water,  and  are  deposited  again  in 
crystals  when  the  water  is  evaporated  ;  we  are  unacquainted 
with  any  simple  general  law  regulating  the  quantities  of  salts 
taken  up  by  water ;  in  most  cases  the  solubility  is  greater  in 
hot  than  in  cold  water,  and  in  all  cases  a  given  volume  of 
water  at  a  definite  temperature  is  capable  of  dissolving  as  a 
maximum  a  fixed  quantity  of  salt — this  maximum  differing 
for  every  salt.  Such  a  solution  is  said  to  be  a  saturated 
solution.  Water  is  also  contained  in  the  solid  state  in 
combination  as  water  of  crystallization  in  many  salts ; 
when  this  water  is  driven  off  by  heat,  the  crystal  falls  to 
powder.  Gases  also  dissolve  in  water  in  quantities  varying 
with  the  nature  of  the  gas,  the  temperature,  and  the  pressure 
to  which  the  gas  is  subjected.  It  is  solely  in  consequence  of 
the  presence  of  oxygen  derived  from  the  air  dissolved  in  the 
water  of  lakes,  rivers,  and  seas,  that  fish  are  enabled  to  keep 
up  their  respiration  ;  as  the  water  passes  through  their  gills 
the  oxygen  is  taken  up  to  purify  their  blood. 


Hydrogen  Di-oxide, 

Symbol  Yifi^ — This  substance  has  received  the  name  of 
oxygenated  water,  as  it  easily  decomposes  into  oxygen  and 
water :  it  is  found  to  contain  twice  as  much  oxygen  as  water 
does,  consisting  of  2  parts  by  weight  of  hydrogen  combined 
with  31*92  of  oxygen ;  hence,  if  we  represent  water  by  the 
symbol  H2O,  hydrogen  di-oxide  will  be  written  H2O2.  It 
does  not  occur  in  nature,  but  is  artificially  prepared  by  acting 
on  barium  di-oxide,  BaOg,  with  dilute  sulphuric  acid,  H2SO4: 
an  exchange  takes  place  between  the  barium  and  hydrogen, 
giving  rise  to  hydrogen  di-oxide  and  barium  sulphate.    Thus 


Ba 
SO4 


Hydrogen  di-oxide  may  also  be  prepared  by  passing  car- 
bonic acid  gas  through  barium  di-oxide  suspended  in  water, 
when  barium  carbonate  separates  out  as  a  white  powder 
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insoluble  in  water,  and  hydrogen  di-oxide  remains  in  solution. 
The  reaction  is  represented  by  the  following  equation  : — 

BaO,  +  H,0  +  CO,  =  BaCO,  +  H,0,. 

The  aqueous  solution  of  the  di-oxide  is  concentrated  by 
being  allowed  to  evaporate  under  the  receiver  of  an  air-pump, 
when  it  attains  a  specific  gravity  of  i  '452  and  consists  of  the 
pure  di-oxide.  Hydrogen  di-oxide  is  chiefly  characterised  by 
the  ease  with  which  it  loses  half  its  oxygen  ;  this  gas  is  slowly 
given  off  at  20°,  but  at  100°  C.  the  evolution  of  oxygen  be- 
comes very  rapid.  In  consequence  of  the  readiness  with 
which  it  gives  off  oxygen,  hydrogen  di-oxide  acts  as  a  power- 
ful bleaching  agent,  rapidly  oxidizing  and  destroying  veget- 
able colouring  matter.  Hydrogen  di-oxide  liberates  iodine 
from  a  solution  of  potassium  iodide,  and  this  takes  place  in 
presence  of  ferrous  sulphate,  a  reaction  which  distinguishes 
this  compound  from  all  other  oxidizing  agents.  A  remarkable 
decomposition  occurs  when  this  substance  is  brought  in  con- 
tact with  ozone,  common  oxygen  and  water  being  produced. 
Another  interesting  reaction  occurs  when  silver  oxide  is 
brought  together  with  hydrogen  di-oxide,  the  silver  oxide 
being  reduced  to  metallic  silver,  whilst  water  and  free  oxygen 
are  formed.  The  explanation  of  this  peculiar  reaction  will 
be  given  further  on  (see  p.  160). 


LESSON    V. 

NITROGEN. 

Symbol  N,  Atomic  Weight  14*01,  Density  14*01. — Nitro- 
gen exists  in  the  free  state  in  the  air,  of  which  it  consti- 
tutes four-fifths  by  bulk ;  it  occurs  combined  in  the  bodies 
of  plants  and  animals,  and  in  various  chemical  compounds, 
such  as  nitre^  whence  the  gas  derives  its  name  (generator  of 
nitre).  It  is  best  obtained  from  the  air  by  taking  away  the 
oxygen  with  which  it  is  mixed  ;  for  this  purpose  we  may  bum 
a  piece  of  phosphorus  in  a  bell-jar  filled  with  air,  the  mouth 
of  which  is  placed  in  a  vessel  full  of  water.    White  fumes  of 
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a  compound  of  phosphorus  and  oxygen,  called  phosphorus 
pentoxide,  at  first  fill  the  jar,  but  these  soon  subside  and 
dissolve  in  the  water,  leaving  the  nitrogen  in  a  nearly  pure 
state.  One-fifth  of  the  original  volume  of  the  air,  consisting 
of  oxygen,  will  have  disappeared.  Nitrogen  may  also  be 
prepared  by  passing  air  over  red-hot  metallic  copper,  which 
combines  with  the  oxygen,  forming  solid  copper  oxide,  and 
leaves  the  gaseous  nitrogen  in  a  pure  state.  Nitrogen  is  also 
formed  when  a  current  of  chlorine  is  passed  through  an  excess 
of  a  solution  of  ammonia ;  nitrogen  gas  is  evolved,  and  sal-am- 
moniac remains  behind  in  solution.  If  the  chlorine  be  present 
in  excess,  a  most  dangerous  and  explosive  compound  is 
formed  (p.  108). 

Nitrogen  is  also  formed  by  the  decomposition  of  some  of 
its  compounds  ;  thus,  ammonium  nitrite  when  heated  yields 
nitrogen  and  water. 

NH4NO,  =  Nj  +  2H,0. 

Nitrogen  is  a  colourless,  tasteless,  inodorous  gas,  slightly 
lighter  than  air  (specific  gravity  0*972,  air  being  ro).  At  a 
very  low  temperature  and  under  a  high  pressure  nitrogen 
condenses  to  a  colourless  liquid,  its  boiling  point  being 
about — 193°.  Nitrogen  when  cooled  to  a  still  lower  tem- 
perature has  been  solidified  to  a  snow-like  crystalline  mass. 
Nitrogen  gas  does  not  combine  readily  with  bodies,  it  is  a 
very  inert  substance,  neither  supporting  combustion  nor 
animal  life,  nor  burning  itself:  it  has,  however,  no  poisonous 
properties,  and  animals  plunged  into  a  jar  of  this  gas  die 
simply  of  suffocation  from  the  want  of  oxygen.  Nitrogen 
can  be  made  to  unite  with  both  oxygen  and  hydrogen  ;  when 
combined  with  the  latter  it  forms  a  powerful  alkaline  base, 
ammonia,  and  united  with  both  elements,  it  forms  a  strong 
acid,  nitric  acid. 

The  Atmosphere, 

The  Atmosphere  is  the  gaseous  envelope  encircling  the 
earth ;  and  it  constitutes  the  ocean  of  air  at  the  bottom 
of  which  we  live.  We  become  aware  of  the  existence  of  the 
air  when  we  move  rapidly,  and  experience  the  resistance 
offered  to  the  passage  of  our  bodies,  and  also  when  the  air  is 
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in  motion,  giving  rise  to  a  wind.  We  notice  the  pressure  of 
the  atmosphere  if  we  withdraw  the  air  from  beneath  the 
hand  by  a  powerful  air-pump,  for  we  then  find  that  the  hand 
is  pressed  down  with  a  force  equal  to  i  '033  kilos,  on  a  square 
centimeter,  or  nearly  15  lbs.  on  every  square  inch.  The 
total  atmospheric  pressure  which  the  human  body  has  to 
support  hence  amounts  to  several  tons,  but  this  pressure  is 
not  felt  under  ordinary  circumstances  because  the  pressure  is 
exerted  equally  in  every  direction.  The  instrument  used  for 
measuring  the  pressure  of  the  air  is  termed  a  Barometer 
(see  Fig.  9,  p.  29),  and  the  average  pressure  at  the  sea-level 
is  equal  to  that  exerted  by  a  column  of  mercury  760  mm. 
high.  The  air  being  elastic  and  having  weight,  it  is  clear  that 
the  lower  layers  of  air  must  be  more  compressed  than  those 
above  them,  and  hence  the  density  of  the  air  must  vary 
at  different  heights  above  the  sea-level.  The  density  of  the 
air  being  thus  dependent  on  the  pressure  to  which  it  is  sub- 
jected, the  higher  strata  of  air  become  extremely  rarefied, 
and  it  is  hence  difficult  to  say  exactly  whereabouts  the  air 
ceases ;  but  it  appears  that  the  limit  of  the  atmosphere  is 
about  45  miles  from  the  level  of  the  sea.  If  the  whole  atmo- 
sphere were  of  the  same  density  throughout  as  it  is  at  the 
earth's  surface,  it  would  only  reach  to  a  height  of  a  little  more 
than  5  miles  above  the  sea-level.  The  weight  of  one  liter  of 
dry  air  at  0°  and  under  760  mm.  of  pressure  is  i  '2932  grams. 
Atmospheric  air  has  been  liquefied  by  Pictet  and  Cailletet, 
and  also  by  Wroblewski,  who  has  ascertained  that  its  boiling 
point  is  - 192°,  and  has  shown  that  the  oxygen  and  nitrogen 
do  not  separate  from  each  other  when  air  is  liquefied. 

Respecting  the  chemical  composition  of  the  atmosphere  we 
have  to  remark,  in  the  first  place,  that  the  air  is  a  mixture,  and 
not  a  chemical  compound  of  its  constituent  gases,  although, 
as  we  shall  see,  these  occur  throughout  the  atmosphere  in 
almost  unvarying  proportions.  The  grounds  for  coming  to 
this  conclusion  are,  first,  that  if  we  bring  oxygen  and  nitrogen 
together  in  the  proportions  in  which  they  are  found  in  air, 
no  elevation  of  temperature  or  alteration  in  bulk  occurs  (as 
is  invariably  the  case  when  gases  combine),  and  yet  the  mix- 
ture acts  in  every  way  like  air ;  secondly,  that  the  relative 
quantities  of  the  two  gases  present  are  not  those  of  their 
combining  weights,  nor  of  any  simple  multiples  of  these 
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weights ;  and  thirdly,  that  although  in  general  the  proportions 
of  the  two  gases  are  constant,  yet  instances  not  unfrequently 
occur  in  which  this  ratio  is  different  from  the  ordinary  one. 
The  most  convincing  proof,  however,  that  air  is  not  a  chemical 
compound  is  derived  from  an  experiment  upon  the  solubility 
of  air  in  water :  when  air  is  shaken  up  with  a  small  quantity 
of  water,  some  of  the  air  is  dissolved  by  the  water ;  this  dis- 
solved air  is  easily  expelled  again  from  the  water  by  boiling, 
and  on  analysis  the  expelled  air  is  found  to  consist  of  oxygen 
and  nitrogen  in  the  relative  proportions  of  i  and  i  '87.  Had 
the  air  been  a  chemical  compound,  it  would  be  impossible  to 
decompose  it  by  simply  shaking  it  up  with  water ;  the  com- 
pound would  then  have  dissolved  as  a  whole,  and,  on  exa- 
mination of  the  air  expelled  by  boiling,  it  would  have  been 
found  to  consist  of  oxygen  and  nitrogen  in  the  same  propor- 
tions as  in  the  original  air,  viz.  as  i  to  4.  This  experiment 
shows,  therefore,  that  the  air  is  only  a  mixture,  a  larger 
proportion  of  oxygen  being  dissolved  than  corresponds  to 
that  contained  in  the  atmosphere,  owing  to  this  gas  being 
more  soluble  in  water  than  nitrogen. 

There  are  many  ways  of  determining  the  amounts  of 
oxygen  and  nitrogen  contained  in  the  air,  the  best  of  these 
being  by  the  eudiometer ^^  by  means  of  which  the  com- 
position by  volume  is  ascertained.  For  this  purpose  the 
same  arrangement  is  employed  as  that  used  in  the  eudio- 
metric  synthesis  of  water  (Fig.  11).  A  quantity  of  air 
sufficient  to  fill  the  tube  about  one-sixth  full  is  introduced 
into  the  eudiometer  previously  filled  with  mercury  ;  the 
volume  of  this  air  is  then  accurately  ascertained  by  reading 
off  with  a  telescope  the  number  of  the  millimeter  divisions 
on  the  tube  to  which  the  mercury  reaches,  whilst  the 
height  of  the  column  of  mercury  in  the  tube  above  the 
trough,  together  with  that  of  the  barometer  and  the 
temperature  of  the  air,  are  also  read  off.  A  quantity  of 
pure  hydrogen  gas  more  than  sufficient  to  combine  with 
all  the  oxygen  present  is  now  added ;  and  the  volume  of 
this  gas,  and  the  pressure  exerted  upon  it,  determined 
as  before.  An  electric  spark  is  now  passed  through  the 
mixture,  care  having  been  taken  to  prevent   any  escape 

1  From  evJia,  clear  weather,  and  fierpovf  a  measure :  a  measure  of  the  clear- 
2tc»  or  puritvof  the  air ;  th^^js^  of  the  quantity  of  oxygen  which  it  contains. 

E 
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of  gas  by  pressing  the  open  end  of  the  eudiometer  against 
a  sheet  of  caoutchouc  under  the  mercury  in  the  trough. 
After  the  explosion  the  volume  is  again  determined  as 
before,  and  is  found  to  be  less  than  that  before  the  ex- 
plosion, the  whole  of  the  oxygen  and  part  of  the  hydrogen 
having  combined  to  form  water  ;  the  diminution,  therefore, 
represents  exactly  the  volumes  of  these  gases  which  have 
united.  We  know,  however,  from  our  previous  experiments 
upon  the  composition  of  water,  that  2  volumes  of  hydrogen 
always  unite  with  exactly  i  volume  of  oxygen  to  form  water : 
hence  one-third  of  the  diminution  in  volume  must  represent 
the  oxygen  which  has  disappeared,  and  therefore,  the  volume 
of  oxygen  contained  in  -the  air  taken.  An  example  may 
make  this  clearer.  Suppose  the  volume  of  air  taken  amounted 
to  100  vols.,  and  that  after  the  addition  of  hydrogen  the 
volume  of  the  mixture  was  1 50  vols. ;  after  the  explosion 
Sy   vols,  were  found  to  remain,  that   is,  63  volumes  had 

disappeared ;  then  —  =  21  will  be  the  volume  of  oxygen 

contained  in  100  volumes  of  air. 

Analyses  of  air  collected  in  various  parts  of  the  globe  thus 
made  with  the  greatest  care  have  shown  that  the  relative 
quantities  of  oxygen  and  nitrogen  remain  the  same,  or  very 
nearly  the  same,  from  whatever  region  the  air  may  have 
been  taken.  So  that  whether  the  air  be  derived  from  the 
tropics  or  the  arctic  seas,  from  the  bottom  of  the  deepest 
mine  or  from  an  elevation  of  20,000  feet  above  the  earth's 
surface,  it  contains  from  20*9  to  21  volumes  of  oxygen 
per  cent. 

Composition  of  Air  by  Weight, — When  we  know  the 
composition  of  air  by  volume,  and  the  relative  densities  of 
the  two  constituent  gases  (14*01  for  nitrogen  and  15*96 
for  oxygen),  we  can  calculate  its  composition  by  weight ; 
we  thus  find  that  in  100  grams  of  air  23*14  grams  of  oxygen 
aiie  mixed  with  76*86  grams  of  nitrogen.  It  is  important 
to  control  this  calculation  by  experiment ;  for  this  purpose 
a  large  glass  globe  (Fig.  17),  furnished  with  a  stopcock 
(«)  is  rendered  vacuous  by  the  air-pump  and  then  weighed  ; 
a  tube  {a  b)  of  hard  glass  filled  with  copper  turnings  and 
also  furnished  with  stopcocks  is  likewise  weighed.  This 
tube  is  then  heated  to  redness  in  a  long  tube-furnace,  and 
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connected  at  one  end  with  the  empty  flask,  at  the  other 
with  a  series  of  tubes  (A,  B,  C,)  filled  with  caustic  potash 
sulphuric  acid,  for  the  purpose  of  complete!)'  freeing  the 
passing  through  them  from  carbonic  acid  and  aqueous  vapour ; 
the  cocks  are  then  slightly  opened,  and  air  allowed  to  pass 
slowly  through  the  purifiers  into  the  hot  tube,  where  it  is 
completely  deprived  of  oxygen  by  the  hot  metallic  copper, 
which  is  thereby  oxidized, the  nitrogen  passing  on  alone  into 
the  empty  flask.     After  the  experiment  is  concluded,  the 


cooled  tube  is  again  weighed,  and  the  i 
former  weighing  gives  the  quantity  of  oxygen,  whilst  the  in- 
crease in  weight  of  the  globe  gives  the  nitrogen.  The  mean 
of  a  large  number  of  experiments  thus  made  shows  that  loo 
parts  by  weight  of  air  contained  23  parts  by  weight  of  oxygen 
and  77  of  nitrogen. 

Carbonic  Add  ill  the  Air. — In  addition  to  the  two  above- 
mentioned  gases,  the  air  contains  several  other  important 
;,  especially  carbonic  acid  gas,  aqueous  vapour, 
;.  We  have  already  noticed  (page  12) 
the  important  part  which  the  carbonic  acid  gas  of  the  air 
plays  in  the  phenomena  of  vegetation,  this  gas  being  the 
source  from  which  plants  obtain  the  carbon  they  need  to 
form  their  tissues.  The  quantity  of  carbonic  acid  present  in 
"s  very  small  compared  with  the  quantities  of  oxygen 
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and  nitrogen,  being  only  from  3  to  4  volumes  to  10,000 
of  air ;  nevertheless  the  absolute  quantity  of  this  gas  con- 
tained in  the  whole  atmosphere  is  enormously  large  (vii. 
about  3,000  billion  kilos.)-  The  quantity  of  carbonic  acid 
contained  in  the  air  can  be  found  by  drawing  a  known 
volume  of  perfectly  dry  air  (not  less  than  20  liters)  through 
weighed  tubes  containing  caustic  potash  ;  the  increase  in 
weight  of  the  tubes  gives  the  weight  of  carbonic  acid  con- 
tained in  the  air  drawn  through.  Fig.  1 8  shows  the  arrange- 
ment of  the  apparatus  ;  on  the  left  is  the  aspirator,  which,  by 
means  of  the  flow  of  a  known  volume  of  water  from  the 
upper  to  the  lower  vessel,  causes  the  passage  of  an  equal 
volume  of  air  through  the  tubes  ;  the  two  tubes  farthest  from 
the  aspirator  contain  pumice-stone  steeped  in  sulphuric  acid, 


and  serve  to  dry  the  air  completely  before  passing  into  the 
next  tube  and  potash  bulbs,  in  which  the  carbonic  acid  is 
absprbed  by  caustic  potash  :  the  lube  nearest  the  aspirator 
also  contains  sulphuric  acid  and  pumice  to  avoid  a  loss  of 
moisture  from  the  piotash  solution  in  the  bulbs.  The  quantity 
of  carbonic  acid  contained  in  the  air  in  different  localities 
and  under  different  circumstances  varies  considerably — from 
2  to  more  than  10  in  10,000  volumes  of  air.  In  houses  and 
closed  inhabited  spaces,  the  quantity  of  carbonic  acid  present 
is  often  much  larger,  and  the  object  of  ventilation  is  to  reduce 
the  quantity  of  carbonic  acid  to  as  low  a  point  as  possible. 
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Other  methods  for  the  estimation  of  carbonic  acid  are  de- 
scribed in  the  larger  manuals. 

Moisture  in  the  Air, — Aqueous  vapour  is  contained  in  the 
air  in  quantities  varying  in  different  localities  and  at  different 
times,  and  depending  mainly  upon  the  temperature  of  the 
air.  Air  at  a  given  temperature  cannot  contain  more  than 
a  certain  quantity  of  moisture  in  solution  ;  and  when  it  has 
absorbed  this  maximum  quantity,  it  is  said  to  be  saturated 
with  aqueous  vapour.  The  higher  the  temperature  of  the 
air,  the  more  water  can  it  retain  as  vapour  ;  and  when  air 
saturated  with  moisture  is  cooled,  the  water  is  deposited  in 
the  liquid  form  in  very  small  globules,  forming  a  mist,  fog, 
or  cloud.  This  is  the  cause  of  the  fall  of  rain,  snow,  and 
hail.  When  warm  air  heavily  laden  with  moisture  from  the 
ocean  passes  into  a  higher  and  colder  position,  or  meets 
with  a  current  of  air  of  lower  temperature,  it  cannot  any 
longer  retain  so  much  aqueous  vapour,  and  a  large  quantity 
assumes  the  liquid  form,  falling  as  rain  when  the  tempera- 
ture is  above  the  freezing-point,  or  crystallizing  as  snow- 
flakes  if  the  temperature  be  below  that  point.  Hail  is 
caused  by  the  congelation  of  raindrops  in  passing  through  a 
stratum  of  air  below  the  freezing-point.  The  quantity  of  rain 
thus  deposited  is  very  large  :  i  cubic  meter  of  air  saturated 
with  moisture  at  25^  C.  contains  22*5  grams  of  water,  and  if 
the  temperature  of  this  air  be  reduced  to  0°  C.  it  will  then  be 
capable  of  retaining  only  5*4  grams  of  water  vapour  ;  hence 
17*1  grams  of  water  will  be  deposited  as  rain.  The  air  in 
England  is  often  saturated  with  moisture,  whilst  the  driest 
air  observed  on  the  coast  of  the  Red  Sea  during  a  simoon 
contained  only  one-fifteenth  of  the  saturating  quantity.  In- 
struments for  ascertaining  the  degree  of  moisture  or  humidity 
of  the  air  are  termed  hygrometers. 

The  deposition  of  dew  is  caused  by  the  rapid  cooling  of 
the  earth's  surface  by  radiation  after  sunset,  and  by  the 
consequent  cooling  of  the  air  near  the  ground  below  the 
temperature  at  which  it  begins  to  deposit  moisture. 

The  amount  of  aqueous  vapour  contained  in  the  air  at  any 
time  can  be  determined  by  the  apparatus  used  for  the  esti- 
mation of  the  carbonic  acid,  for  the  moisture  must  be  re- 
moved from  the  air  before  the  carbonic  acid  can  be  absorbed, 
and  the  increase  in  weight  of  the  tubes  filled  with  pumice- 
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stone  moistened  with  sulphuric  acid  gives  the  weight  of 
aqueous  vapour.  In  general  the  air  contains  from  50  to  70 
per  cent,  of  the  quantity  necessary  to  saturate  it.  If  the 
quantity  be  not  within  these  limits,  the  air  is  either  un- 
pleasantly dry  or  moist. 

Ammonia  in  the  Air, — The  next  important  constituent 
of  the  air  is  ammonia,  which  is  a  compound  of  nitrogen  and 
hydrogen,  and  only  exists  in  comparatively  very  minute 
quantities  (about  i  part  in  1,000,000  of  air).  Nevertheless  it 
plays  a  very  important  part,  as  it  forms  one  of  the  chief 
sources  from  which  plants  obtain  the  nitrogen  they  need 
to  form  their  seeds  and  fruit.  It  has,  however,  been  recently 
shown  that  certain  leguminous  plants  have  also  the  property 
of  directly  assimilating  the  nitrogen  of  the  atmosphere. 

Organic  Matter  in  the  Air, — Other  substances  which  occur 
in  the  atmosphere  in  very  small  quantities  may  be  considered 
as  accidental  impurities.  Amongst  them,  volatile  organic 
matter  and  floating  organised  germs  are  the  most  important, 
as  probably  influencing  to  a  great  extent  the  healthiness  of 
the  special  situation.  We  become  aware  of  the  existence  of 
the  presence  of  organic  putrescent  substances  when  entering 
a  crowded  room  from  the  fiiesh  air  ;  and  it  is  probable  that 
the  well-known  unhealthiness  of  marshy  and  other  districts 
is  owing  to  the  presence  of  some  organic  impurity.  Our 
knowledge  of  the  floating  organisms  has  of  late  years  been 
greatly  extended,  and  it  is  most  probable  that  they  are  the 
cause  of  the  various  epidemic  diseases. 

Ozone  is  also  present  in  fresh  air,  but  absent  in  the  close 
air  of  towns  and  dwelling-rooms,  owing  to  its  decomposition 
by  the  organic  matter,  &c.,  in  such  air ;  we  do  not  know 
how  it  is  formed  in  nature,  unless  it  be  by  the  discharge 
of  atmospheric  electricity. 
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LESSON  VI. 

COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 

We  are  acquainted  with  five  distinct  chemical  compounds  of 
nitrogen  with  oxygen,  viz. 

z  Nitrogen  MoH-oxide^  containing  28  parts  by  weight  of  N.  to  z6  of  O.^ 
3  Nitrogen  Di-oxide  „        28  ,,  „        33      ,, 

3  Nitrogen  Tri-oxide  „        28  „  „        48      .. 

4  Nitrogen  Tetr^oxide  ,,28  „  ,,64 

5  Nitrogen  Pent-oxide  ,,28  „  „        80 


It  will  be  seen  that  the  oxygen  contained  in  these  com- 
pounds is  in  the  proportion  of  the  numbers  i,  2,  3,  4,  5,  to 
one  and  the  same  quantity  of  nitrogen  ;  and  here,  for  the  first 
time,  we  meet  with  a  striking  example  of  the  law  of  chemiccU 
combination  in  multiple  proportion.  Thus,  while  28  parts 
by  weight  of  nitrogen  combined  with  i6  parts  oxygen  form 
44  parts  of  nitrogen  mon-oxide,  we  find  that  any  other  com- 
pounds of  these  two  elements  contain,  combined  with  28 
parts  of  nitrogen,  some  simple  multiple  of  16  parts  by  weight 
of  oxygen  (thus,  either  2  X  16,  3  X  16,  4  X  16,  or  5  X  16), 
and  that  no  compounds  exist  containing  any  intermediate 
quantity  of  oxygen. 

This  law  of  combination  in  multiple  proportions^  which 
is  found  to  be  true  in  all  the  numerous  cases  in  which  two 
or  more  elements  combine  to  form  several  compounds,  was 
first  enunciated  by  John  Dalton,  and  is  the  expression  of 
well-established  experimental  facts.  Dalton  endeavoured  to 
explain  these  facts  by  his  celebrated  Atomic  Theory,  He 
asked  himself.  Why  do  the  elements  combine  only  in  multiples 
of  their  several  combining  proportions  ?  and  he  answered 
the  question  by  the  following  supposition. 

Dalton^ s  Atomic  Theory. — Matter  is  made  up  of  small  indi- 
visible portions  which  are  called  Atoms  (d  privative,  and  re/jvioj 
I  cut).  The  atoms  of  the  different  elements  do  not  possess 
the  same  weights,  but  the  relation  between  their  weights  is 
represented  by  that  of  the  combining  weights  of  the  elements, 

1  For  the  sake  of  simplicity  the  whole  numbers  14  and  z6  are  here  taken 
instead  of  the  exact  numbers  z4*oz  and  15*96  as  the  combining  weights  of  nitro- 
gen and  oxygen. 
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which  we  may  now  properly  designate  as  the  atomic  weights 
of  the  elements.  Thus,  the  atom  of  oxygen  is  taken  to  be  1 6 
times  as  heavy  as  the  atom  of  hydrogen,  and  the  weights  of 
the  atoms  of  nitrogen  and  oxygen  as  14  to  1 6.  Dalton  further 
assumed  that  chemical  combination  consists  in  the  approxi- 
mation of  the  individual  atoms  to  one  another ;  and,  having 
made  these  assumptions,  he  was  able  to  explain  why  conv 
pounds  must  contain  their  constituents  in  the  combining 
proportions,  or  in  multiples  of  them,  and  in  no  intermediate 
proportion.  Let  us  take,  for  example,  the  compounds  of 
nitrogen  and  oxygen ;  the  lowest  of  these  consists  of  one 
single  atom  of  oxygen  combined  with  2  atoms  of  nitrogen,  or 
with  one  double  atom  of  nitrogen,  as  it  contains  16  parts  of 

oxygen  to  28  of  nitrogen  ;  thus,  00(n)C5);  ^^^d  we  there- 
fore write  its  formula,  NjO,  and  call  it  nitrogen  mon-oxide. 
The  next  compound  that  can  be  formed  must  be  produced 
by  the  addition  of  another  atom  of  oxygen  to  this  ;  thus 

we  get  (nXE)®€)  ~  N2O2,  or  nitrogen  di-oxide.  The 
next  must  be  formed  by  the  attachment  of  another  atom 
of  oxygen,  and  thus  we  get  (n)(n)(o)^(o)  =  NgOg,  or 
nitrogen  tri-oxide.     The  next  possible  compound  is 


or  nitrogen  tetr-oxide  :  and  the  next 


or  nitrogen  pent-oxide.  We  thus  see  that  an  atom  being 
indivisible,  no  intermediate  compounds  can  be  formed.  In 
considering  this  subject,  we  shall  do  well  to  remember  that 
the  Law  of  Combination  in  Multiple  Proportions,  being 
founded  on  experimental  facts,  stands  as  a  fixed  bulwark  of 
the  science,  which  must  ever  remain  true  ;  whereas  the 
Atomic  Theory,  by  which  we  now  explain  this  great  law, 
may  possibly  in  time  give  place  to  one  more  perfectly  suited 
to  the  explanation  of  new  facts. ^ 

1  If  nitrogen  di-oxide  and  nitrogen  tetr-oxide  be  considered  to  be  represented 
respectively  by  the  formulae  N2O2  and  Njj04,  they  will  be  exceptions  to  the  law 
mentioned  on  l>age  58,  respecting  the  density  of  compound  gases  or  vapours,  as 
instead  of  having  their  densities  represented  by  the  halves  of  their  combining 
proportions,  they  will  have  them  represented  by  the  quarters  of  these  numbers. 
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Adopting  Dalton's  views,  chemists  assume  that  the 
smallest  particle  of  a  chemical  compound  consists  of  a  group 
of  separate  atoms;  this  group  is  called  a  molecule ;  it  is 
supposed  to  be  indivisible  by  mechanical  forces,  but  can  be 
separated  into  its  constituent  atoms  by  chemical  means. 
Thus,  the  molecule  of  water  consists  of  2  atoms  of  hydrogen 
and  I  atom  of  oxygen,  and  the  sum  of  the  atomic  weights 
of  these  constituents,  2  +  15*96=  17*96,  gives  the  molecular 
weight  of  water. 

Combining  Volumes  of  Gases, 

It  has  been  found  that  when  gases  unite  together  there 
is  always  a  very  simple  relation  between  the  volumes  of  the 
gases  which  enter  into  combination.  Thus,  for  example,  2 
volumes  of  hydrogen  always  unite  with  i  volume  of  oxygen 
to  form  water ;  whilst  i  volume  of  hydrogen  combines 
with  r  volume  of  chlorine  gas  (p.  98)  to  form  hydrochloric 
acid.  To  explain  this  the  hypothesis  has  been  suggested 
that  "  the  densities  of  the  elements  known  in  the  gctseous 
state  are  identical  with  their  combining  or  atomic  weights,** 
and  this  conclusion  has  been  borne  out  by  subsequent 
results  (Gay-Lussac).  The  subject  will  be  considered  more 
in  detail  in  the  chapter  on  "  Atoms  and  Molecules  "  (p.  158).* 

Hence  it  follows  that  the  density  and  combining  weight  of 
oxygen,  for  example,  are  alike  15*96;  or,  oxygen  is  15*96 
times  as  heavy  as  hydrogen :  the  density  and  combining 
weight  of  nitrogen  are  alike  14*01  ;  or,  nitrogen  is  14*01 
times  as  heavy  as  hydrogen  ;  the  density  of  chlorine  is  35*37, 
that  of  sulphur  vapour  31*98,  and  so  on.  Remembering  this 
fact  it  is  easy  to  calculate  the  absolute  weight  of  a  given 
volume — say  one  liter  of  these  different  gases — when  we 
know  that  one  liter  of  hydrogen  at  the  standard  pressure  and 
temperature  weighs  0*0896  grams.  Thus,  under  the  same 
circumstances : — 

I  liter  of  oxygen  weighs  1 5  '96  x  0*0896  =  I  *430  grams. 
„          nitrogen  „      14*01  x  0*0896=  1*255       „ 

„  chlorine  „      35*37x0*0896  =  3*169       „ 

,,  sulphur  vapour         ,,      3 1*98x0 '0896  =  2*865       »» 

1  Certain  exceptions  to  this  law  occur,  of  which  the  most  important  are  thoce 
of  phosphorus  and  arsenic,  whose  vapours  possess  a  density  twice  as  great  as  that 
required  to  be  in  accordance  with  the  above  law,  and  also  of  a  few  volatile  metals, 
such  as  zinc  and  mercury,  whose  density  is  only  half  their  atomic  weight. 
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With  respect  to  compounds,  we  find  that  the  density  of 

a  compound  gas  is  one-half  its  molecular  weight ;  or  the 

molecule  of  a  compound  gas  occupies  the  space  of  2  atoms 

of  hydrogen. 

17*06 
Thus  the  density  of  water- vapour,  or  steam,  HjO,  is ^- = 

898,  that  is,  it  is  about  nine  times  heavier  than  hydrogen ; 

the   density  of  hydrochloric    acid,  HCl,  is  2__37  __  i8'i8 ; 

I7*OI 

that  of  ammonia,  NH,  is  J- or  8*5 ;  that  of  carbonic 

2 

acid,  CO2,  is  ^^—3.  or  21*94. 

Hence  the  weights  of  i  liter  of  these  compounds  (estimated 
at  0°  C.  and  760  mm.)  are  as  follows  :— 

I  liter  of  steam  weighs    8*98  x  0*0896  grams. 

,,  ammonia  „        8*5    x  0*0896       „ 

,,  hydrochloric  acid      ,,       i8*i8x  0*0896       „ 

,,  carbonic  acid  ,,      21*94x0*0896       „ 

Another  method  which  may  be  used  for  calculating  the 
relation  between  the  weight  and  the  volume  of  gases  is  the 
following : — 

We  have  seen  that  one  liter  of  hydrogen  at  0°  C.  and 
760  mm.  pressure  weighs  0*0896  grams,  hence  it  is  easy  to 
calculate  the  volume  occupied  by  2  grams  of  hydrogen  or 
its  molecular  weight,  thus  n-oS^F  —  22*32  liters.  Under 
similar  conditions  of  temperature  and  pressure  the  molecules 
of  all  bodies  in  the  gaseous  state,  whether  simple  or  com- 
pound, occupy  the  same  volume,  and  since  hydrogen  is  taken 
as  the  standard  of  density  for  gases  and  vapours,  it  follows 
that  the  molecular  weight  (expressed  in  grams)  of  any 
element  or  compound  will  occupy  22  32  liters  under  normal 
conditions  of  temperature  and  pressure,  thus : 

22  *32  liters  of  oxygen  weigh  2  x  1 5  '96  =  3 1  *92  grams. 
„         „        nitrogen  ,,     2  x  14*01  =  28*02      ,, 

„         „        chlorine  „     2x35-37=70*74      „ 

„        „       sulphur  vapour  „     2x31*98=63*96      ,, 

and  in  like  manner 

22 *32  liters  of  steam  HjO  weigh        2+15 '96  =17 -96  grams. 

,,       „        ammonia  NH3  ,,     i4'Oi+  3      =17*01      „ 

„        „        hydrochloric  acid  HCl  „  1  +  35*37  =  36*37      »» 

„       „        carbon  di-oxide  CO,   „     11*97  +  31*91  =43*89     •• 
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For  ordinary  calculations  the  approximate  atomic  weights 
16,  14,  35*5,  32,  &c.,  and  the  simpler  number  22*3  liters,  may 
be  used. 

The  symbol  for  water,  HjO,  therefore,  not  only  indicates 
that  it  is  composed  of  2  parts  by  weight  of  hydrogen  and 
15*96  of  oxygen,  but  also  that  2  volumes  of  hydrogen  have 
united  with  i  volume  of  oxygen  to  form  2  volumes  or  one 
molecule  of  water-vapour.  The  symbol  NH3  denotes  not  only 
that  14  parts  by  weight  of  nitrogen  combine  with  3  parts 
by  weight  of  hydrogen,  but  also  that  3  volumes  of  hydrogen 
and  I  volume  of  nitrogen  have  united  to  form  2  volumes, 
one  molecule,  of  ammonia,  whilst  the  symbol  HCl  shows 
that  2  volumes  of  hydrochloric  acid  gas  contain  i  volume  of 
chlorine  and  i  of  hydrogen. 

We  have  seen  that  28  parts  by  weight  of  nitrogen 
unite  with  32  parts  of  oxygen  to  form  nitrogen  di-oxide  ;  the 
density  of  this  compound  is,  however,  found  by  experiment 
to  be  15  :  hence  its  molecular  weight  is  30,  consisting  of  14 
parts  by  weight  of  nitrogen  to  16  of  oxygen,  or  one  volume  of 
each  constituent,  and  its  molecular  formula  must,  therefore, 
be  NO. 

OxideSy  and  Oxy-acids  of  Nitrogen, 

Nitrogen  and  oxygen  do  not  readily  combme  tDgc^Ki^ 
but  under  certain  circumstances  they  are  found  to  do  so ; 
thus,  if  a  series  of  electric  sparks  are  passed  through  a  glass 
vessel  filled  with  dry  air,  the  presence  of  red-coloured 
vapours,  possessing  a  peculiar  acrid  smell,  is  soon  noticed. 
These  consist  of  nitrogen  tri-  and  tetr-oxides,  formed  by  the 
union  of  the  nitrogen  and  oxygen  of  the  air.  Fig.  19  illus- 
trates the  arrangements  necessary  for  this  purpose.  A  glass 
globe  filled  with  air  is  furnished  with  two  metallic  wires, 
from  the  extremities  of  which  the  sparks  from  an  induction 
coil  can  be  passed  through  the  air.  After  the  rapid  dis- 
charges have  continued  for  a  few  minutes,  portions  of  the 
oxygen  and  nitrogen  have  united  to  form  a  compound  gas 
having  a  reddish  brown  colour,  which  may  be  easily  recog- 
nised by  holding  a  sheet  of  white  paper  behind  the  globe. 
These  red  fumes  have  the  power  (like  ozone)  of  liberating 
iodine  from  iodide  of  potassium,  hence  the  paper  dipped  in 
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a  solution  of  this  salt  and  starch  becomes  at  once  blue  when 
brought  into  the  globe  of  air  through  which  the  sparks  have 
passed'  If  an  alkali,  such  as  potash,  be  present  in  the  air 
through  which  the  sparks  are  passed,  a  new  substance  called 
nitre,  or  potassium  nitrate,  is  formed  ;  and  from  this  an 
important  compound,  called  nitric  acid,  can  be  prepared. 
This  substance  is  formed  when  flashes  of  lightning  pass 


through  the  air,  being  carried  down  to  the  earth's  surface  in 
the  rain.  Nitric  acid  may  be  considered  as  a  compound  of 
nitrogen  pentoxide  with  water  ;  and,  as  all  the  other  nitrogen 
oxides  can  be  obtained  from  it,  we  shall  first  consider  its 
properties  and  mode  of  preparation. 

Nitric  Acid,  or  Hydrogen  Nitrate. 

Symbol  HNO,,  Molecular  Weight  62'89.— Nitre,  or  potas- 
sium nitrate,  is  generally  formed  by  the  gradual  axidatian  of 
nitrogenous  animal  matter  in  presence  of  the  alkali  potash. 
Spring  water,  especially  the  surface  well-water  of  towns, 
frequently  contains  nitrates  in  solution,  owing  to  water  pass- 
ing through  soil  containing  decomposing  animal  matter, 
which  by  oxidation  yields  nitrates.  For  this  reason,  water 
containing  nitrates  is  unfit  for  drinking  purposes.  Potassium 
nitrate,  KNO3  (commonly  called  saltpetre),  occurs  as  an  in- 
crustation on  the  soil  in  various  localities,  especially  in  India  ; 
I  For  a  test  disliaguuhioE  oniDe  from  the  oxides  of  nitrogea  t«  p.  vj. 
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and  sodium  nitrate,  NaNOj,  or  Chili  saltpetre,  is  found  in  large 
beds  on  the  coast  of  Chili  and  Peru.  Nitric  acid  is  obtained 
by  heating  nitre,  KNO3,  or  Chili  saltpetre,  NaNOg,  with 
sulphuric  acid  (or  hydrogen  sulphate),  H2SO4 ;  when  nitric 
acid,  HNO3,  and  hydrogen  potassium  sulphate,  HKSO4,  are 
formed.  The  decompositions  here  effected  may  serve  as  a 
type  of  a  very  large  number  of  chemical  changes  classed  as 
double  decompositions.  These  may  be  all  represented  as 
consisting  in  an  exchange  between  two  elements,  or  groups 
of  elements  ;  thus,  in  the  case  in  question,  one  atom  of  the 
hydrogen  in  sulphuric  acid  changes  place  with  one  atom  or 
its  equivalent  of  potassium  in  the  nitre.  These  double  de- 
compositions may  be  represented  in  the  form  of  an  equation, 
in  which  one  side  signifies  the  arrangement  and  relative 
weights  of  the  elements  before  combination,  the  other  the 
arrangement  and  relative  weights  of  the  same  elements  after 
the  chemical  change  has  taken  place,  thus — 

KNO,  +  HjSO^      =      HNO,  +    HKSO4  or, 

Nitre  and  Sulphuric  Acid  give  Nitric  Acid  and  Hydrogen  Potassium  Sulphate. 

The  relative  weights  of  the  elements  and  compounds  entering 
into  the  decomposition  are  easily  ascertained  when  we  re- 
member that  each  symbol  expresses  not  merely  the  nature 
of  the  element,  but  also  the  relative  weight  with  which  it 
combines,  and  that  the  combining  weight  of  a  compound  is 
the  sum  of  the  combining  weights  of  its  constituents.  The 
numbers  expressed  by  the  above  equation,  taking  the  neasest 
whole  numbers  for  the  sake  of  simplicity,  are 

K       N     Og+Ha  S     04=H   N    O3  +  H    K    S      O4 
39+14+48  +  2  +  32+64=1  + 14  f48+ I +39  +  32+64 
loi  +         98       =         63       +         136 

We  may  express  these  double  decompositions  perhaps 
more  clearly  if  we  represent  by  a  curved  line  the  actual 
exchange  of  hydrogen  for  potassium,  thus — 

1?HS04 

k\no3 

or  by  a  straight  line,  thus — 


II 
NO3 


HSO4 
K 
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This  signifies  that,  if  we  require  63  parts  by  weight  of 
nitric  acid,  we  shall  require  to  take  loi  parts  of  nitre  and  98 
parts  of  sulphuric  acid,  and  that  we  shall  have  136  parts  of 
hydrogen  potassium  sulphate  formed.  Knowing  these  num- 
bers, it  is  easy  to  calculate  the  proportions  of  ingredients 
needed  to  produce  any  given  quantity  of  nitric  acid. 

Nitric  acid  is  prepared  on  a  small  scale  by  placing  about 
equal  weights  of  nitre  and  sulphuric  acid  in  a  stoppered 
retort,  which  is  gradually  heated  by  a  Bun  sen  burner,  as  in 
Fig.  20,  p.  63  :  the  nitric  acid  formed  distils  over,  and  maybe 
collected  in  a  flask  cooled  with  water.  To  prepare  it  on  the 
large  scale  Chili  saltpetre  is  mixed  with  sulphuric  acid, 
the  mixture  heated  in  iron  cylinders,  and  the  nitric  acid, 
which  distils  over,  collected  in  stoneware  bottles.  Only  half 
the  amount  of  sulphuric  acid  required  according  to  the 
above  equation  is  employed,  as  at  the  higher  temperature 
reached  in  the  process  the  sodium  hydrogen  sulphate  first 
formed  acts  on  more  Chili  saltpetre  according  to  the  following 
equation  : 

NaHS04  +  NaNOg  =  NajSO^  +  HNO3. 

The  two  different  equations  representing  the  two  reactions 
may  also  be  represented  in  one,  as  follows  : 

2NaN03  +  H2SO4  =  NaaSOi  +  2HNO3. 

Nitric  acid  thus  obtained  is  represented  by  the  formula 
HNO3  ;  it  is  a  strongly  fuming  liquid,  colourless  when  pure, 
but  usually  slightly  yellow  from  the  presence  of  lower  oxides 
of  nitrogen.  It  W2is  formerly  termed  agua/ortzs.  Its  specific 
gravity  is  1*51  at  18° ;  it  does  not  possess  a  constant  boiling 
point,  as  it  gradually  undergoes  decomposition  by  boiling, 
and  becomes  weaker :  if  mixed  with  water,  and  distilled 
under  tljje  ordinary  atmospheric  pressure,  the  residual  acid  is 
found  at  last  to  attain  a  fixed  composition,  boiling  constantly 
at  I20°'5,  containing  68  per  cent,  of  HNO3,  and  possessing  a 
specific  gravity  of  1*414.  When  mixed  with  less  water,  a 
stronger  acid  than  this  comes  over  ;  when  mixed  with  more 
water,  a  weaker  one  first  distils  over  till  this  constant  com- 
position is  attained.  Nitric  acid  contains  76  per  cent,  of 
oxygen,  with  some  of  which  it  easily  parts  ;  hence  it  acts  as 
a  strong  oxidising  agent.     This  is  seen  when  we  bring  a 


small  quantiEy  of  metallic  copper  or  tin  into  this  liquid 
diluted  with  a  little  water ;  red  fumes  are  immediately  given 
ofT,  and  tiie  metals  are  oxidised  ;  for  the  same  reason  nitric 
acid  bleaches  indigo  solution,  oxidising,  and  therefore  de- 
stroying, the  colouring  matter.  This  reaction,  and  the  for- 
mation of  red  fumes  in  presence  of  metallic  copper,  &c., 
serve  as  modes  of  detecting  the  presence  of  nitric  acid.  One 
of  the  most  delicate  tests  for  this  acid  consists  in  adding  to 
the  liquid  to  be  tested  an  equal  volume  of  strong  sulphuric 
acid,  cooling  the  mixture  well,  and  carefully  pouring  on 
to  its  surface  a  solution  of  ferrous  sulphate,  Fe.SO, :  if  any 
nitric  acid  be  present  a  black  ring  is  produced  where  the  two 


.  layers  of  liquid  mecL  Nitric  acid  forms,  with  metallic  oxides, 
by  the  process  of  double  decomposition,  a  numerous  family 
of  salts  called  nitrates  :  these  are  nearly  all  soluble  in  water, 
and  many  of  them  are  largely  used  in  the  arts  for  various 
purposes.  They  will  be  mentioned  under  the  several«netals. 
Nitric  acid  itself  is  largely  employed  in  the  preparation  of 
gim  cotton,  nitro-glycerine,  colouring  matters,  &c. 

Aciiis,  Bases,  aiui Saiis.— In  aitric  acid  we  have  the  first 
example  of  a  series  of  important  compounds  known  as  acri/s. 
Most  of  the  acids  are  soluble  in  water  ;  they  possess  a  sour 
taste,  and  have  the  property  of  turning  blue  litmus- solution 
red.  All  acids  contain  hydrogen,  combined  either  with  an 
clement,  or  with  a  group  of  elements,  which  almost  always 
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This  signifies  that,  if  we  require  63  parts  by  weight  of 
nitric  acid,  we  shall  require  to  take  loi  parts  of  nitre  and  98 
parts  of  sulphuric  acid,  and  that  we  shall  have  156  parts  of 
hydrogen  potassium  sulphate  formed.  Knowing  these  mim- 
bers.  it  is  easy  to  calculate  the  proportions  of  ingredients 
needed  to  produce  any  given  quantity  of  nitric  acid. 

Nitric  acid  is  prepared  on  a  small  scale  by  placing  about 
equal  weights  of  nitre  and  sulphuric  acid  in  a  stoppered 
retort,  which  is  gradually  heated  by  a  Bunsen  burner,  as  in 
Fig.  20,  p.  63  :  the  nitric  acid  formed  distils  over,  and  maybe 
collected  in  a  flask  cooled  with  water.  To  prepare  it  on  the 
large  scale  Chili  saltpetre  is  mixed  with  sulphuric  acid, 
the  mixture  heated  in  iron  cylinders,  and  the  nitric  acid, 
which  distils  over,  collected  in  stoneware  bottles.  Only  half 
the  amount  of  sulphuric  acid  required  according  to  the 
above  equation  is  employed,  as  at  the  higher  temperature 
reached  in  the  process  the  sodium  hydrogen  sulphate  first 
formed  acts  on  more  Chili  saltpetre  according  to  the  following 
equation  : 

NallSOi  +  NaNO,  =  Na^SOi  +  HNO,. 

The  two  different  equations  representing  the  two  reactions 
may  also  be  represented  in  one,  as  follows  : 

2NaN03  +  H2SO4  =  NaaSOi  +  2HNO,. 

Nitric  acid  thus  obtained  is  represented  by  the  formida 
HNO3  ;  it  is  a  strongly  fuming  liquid,  colourless  when  pure, 
but  usually  slightly  yellow  from  the  presence  of  lower  oxides 
of  nitrogen.  It  was  formerly  termed  flj^w^i/^r/zj.  Its  specific 
gravity  is  1*51  at  18° ;  it  does  not  possess  a  constant  boiling 
point,  as  it  gradually  undergoes  decomposition  by  boiling, 
and  becomes  weaker :  if  mixed  with  water,  and  distilled 
under  thp  ordinary  atmospheric  pressure,  the  residual  acid  is 
found  at  last  to  attain  a  fixed  composition,  boiling  constantly 
at  I20°'5,  containing  68  per  cent,  of  HNO3,  and  possessing  a 
specific  gravity  of  i'4i4.  When  mixed  with  less  water,  a 
stronger  acid  than  this  comes  over  ;  when  mixed  with  more 
water,  a  weaker  one  first  distils  over  till  this  constant  com- 
position is  attained.  Nitric  acid  contains  76  per  cent,  of 
oxygen,  with  some  of  which  it  easily  parts  ;  hence  it  acts  as 
a  strong  oxidising  agent.    This  is  seen  when  we  bring  a 


small  quantity  of  metallic  copper  or  tin  into  this  liquid 
diluted  with  a  little  water  ;  red  fomes  are  immediatel)'  given 
off,  and  the  metals  are  oxidised  ;  for  the  same  reason  nitric 
acid  bleaches  indigo  solution,  oxidising,  and  therefore  de- 
stroying, the  colouring  matter.  This  reaction,  and  the  for- 
mation of  red  fumes  in  presence  of  metallic  copper,  &c., 
serve  as  modes  of  detecting  the  presence  of  nitric  acid.  One 
of  the  most  delicate  tests  for  this  acid  consists  in  adding  to 
the  liquid  to  be  tested  an  equal  volume  of  strong  sulphuric 
acid,  cooling  the  mixture  well,  and  carefully  pouring  on 
to  its  surface  a  solution  of  ferrous  sulphate,  FeSO,  :  if  any 
nitric  acid  be  present  a  black  ring  is  produced  where  the  two 


.  layers  of  liquid  meet  Nitric  acid  forms,  with  metallic  oxides, 
by  the  process  of  double  decomposition,  a  numerous  family 
of  salts  called  nitrates  :  these  are  nearly  all  soluble  in  water, 
and  many  of  ihcm  are  largely  used  in  the  arts  for  various 
purposes.  They  will  be  mentioned  underthe  severai^netals. 
Nitric  acid  itself  is  largely  employed  in  the  preparation  ol 
gun  cotton,  nitro-glycerine,  colouring  matiers,  &c. 

Acids,  Bases,  and  Sails. — In  nitric  acid  we  have  the  first 
example  of  a  series  of  important  compounds  known  as  acids. 
Most  of  the  acids  arc  soluble  in  water;  they  possess  a  sour 
taste,  and  have  the  property  of  turning  blue  litmus -solution 
red.  All  acids  contain  hydrogen,  combined  either  with  an 
clement,  or  with  a  group   of  elements,  which  almost  always 


^ 
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This  signifies  that,  if  we  require  63  parts  by  weight  of 
nitric  acid,  we  shall  require  to  take  loi  parts  of  nitre  and  98 
parts  of  sulphuric  acid,  and  that  we  shall  have  156  parts  of 
hydrogen  potassium  sulphate  formed.  Knowing  these  num- 
bers, it  is  easy  to  calculate  the  proportions  of  ingredients 
needed  to  produce  any  given  quantity  of  nitric  acid. 

Nitric  acid  is  prepared  on  a  small  scale  by  placing  about 
equal  weights  of  nitre  and  sulphuric  acid  in  a  stoppered 
retort,  which  is  gradually  heated  by  a  Bunsen  burner,  as  in 
Fig.  20,  p.  63  :  the  nitric  acid  formed  distils  over,  and  maybe 
collected  in  a  flask  cooled  with  water.  To  prepare  it  on  the 
large  scale  Chili  saltpetre  is  mixed  with  sulphuric  acid, 
the  mixture  heated  in  iron  cylinders,  and  the  nitric  acid, 
which  distils  over,  collected  in  stoneware  bottles.  Only  half 
the  amount  of  sulphuric  acid  required  according  to  the 
above  equation  is  employed,  as  at  the  higher  temperature 
reached  in  the  process  the  sodium  hydrogen  sulphate  first 
formed  acts  on  more  Chili  saltpetre  according  to  the  following 
equation  : 

NaHSOi  +  NaNO,  =  Na^SO^  +  HNO,. 

The  two  different  equations  representing  the  two  reactions 
may  also  be  represented  in  one,  as  follows  : 

2NaN03  +  H2SO4  =  NagSOi  +  2HNO3. 

Nitric  acid  thus  obtained  is  represented  by  the  formula 
HNO3  ;  it  is  a  strongly  fuming  liquid,  colourless  when  pure, 
but  usually  slightly  yellow  from  the  presence  of  lower  oxides 
of  nitrogen.  It  was  formerly  termed  ^?^«^i/^r//.y.  Its  specific 
gravity  is  1*51  at  18°  ;  it  does  not  possess  a  constant  boiling 
point,  as  it  gradually  undergoes  decomposition  by  boiling, 
and  becomes  weaker ;  if  mixed  with  water,  and  distilled 
under  thp  ordinary  atmospheric  pressure,  the  residual  acid  is 
found  at  last  to  attain  a  fixed  composition,  boiling  constantly 
at  I20°*5,  containing  68  per  cent,  of  HNO3,  and  possessing  a 
specific  gravity  of  1*414.  When  mixed  with  less  water,  a 
stronger  acid  than  this  comes  over  ;  when  mixed  with  more 
water,  a  weaker  one  first  distils  over  till  this  constant  com- 
position is  attained.  Nitric  acid  contains  76  per  cent,  of 
oxygen,  with  some  of  which  it  easily  parts  ;  hence  it  acts  as 
a  strong  oxidising  agent.    This  is  seen  when  we  bring  a 


small  quantity  of  metallic  copper  or  tin  into  this  liquid 
diluted  with  a  little  water ;  red  fumes  are  immediately  given 
off,  and  the  metals  are  oxidised  ;  for  the  same  reason  nitric 
acid  bleaches  indigo  solution,  oxidising,  and  therefore  de- 
stroying, the  colouring  matter.  This  reaction,  and  the  for- 
mation of  red  fumes  in  presence  of  metallic  copper,  &c., 
serve  as  modes  of  detecting  the  presence  of  nitric  acid.  One 
of  the  most  delicate  tests  for  this  acid  consists  in  adding  to 
the  liquid  to  be  tested  an  equal  volume  of  strong  sulphuric 
acid,  cooling  the  mixture  well,  and  carefully  pouring  on 
to  its  surface  a.  solution  of  ferrous  sulphate,  FeSO, :  if  any 
nitric  acid  be  present  a  black  ring  is  produced  where  the  two 


^^^M^  of  liquid  meet.  Nitric  acid  fonns,  with  metallic  oxides, 
by  the  process  of  double  decomposition,  a  numerous  family 
of  salts  called  nitrates  :  these  are  nearly  all  soluble  in  water, 
and  many  of  them  are  largely  used  in  the  arts  for  various 
purposes.  They  will  be  mentioned  underthe  several «ietals. 
Nitric  acid  itself  is  largely  employed  in  the  preparation  of 
gun  cotton,  nitro-glycerine,  colouring  matiers,  &c. 

Acids,  Bases,  and  Salts. — In  nitric  acid  we  have  the  first 
example  of  a  series  of  important  compounds  known  as  acids. 
Most  of  the  acids  are  soluble  in  water ;  they  possess  a  sour 
taste,  and  have  the  property  of  turning  blue  litmus- solution 
rtd.     Ali  acids  contain   hydrogen,  combined  either  with  an 

^^Httient,  or  with  a  group   of  elements,  which  almost  aWa.'j^ 
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This  signifies  that,  if  we  require  63  parts  by  weight  of 
nitric  acid,  we  shall  require  to  take  loi  parts  of  nitre  and  98 
parts  of  sulphuric  acid,  and  that  we  shall  have  156  parts  of 
hydrogen  potassium  sulphate  formed.  Knowing  these  num- 
bers, it  is  easy  to  calculate  the  proportions  of  ingredients 
needed  to  produce  any  given  quantity  of  nitric  acid. 

Nitric  acid  is  prepared  on  a  small  scale  by  placing  about 
equal  weights  of  nitre  and  sulphuric  acid  in  a  stoppered 
retort,  which  is  gradually  heated  by  a  Bunsen  burner,  as  in 
Fig.  20,  p.  63  :  the  nitric  acid  formed  distils  over,  and  may  be 
collected  in  a  flask  cooled  with  water.  To  prepare  it  on  the 
large  scale  Chili  saltpetre  is  mixed  with  sulphuric  acid, 
the  mixture  heated  in  iron  cylinders,  and  the  nitric  acid, 
which  distils  over,  collected  in  stoneware  bottles.  Only  haljf 
the  amount  of  sulphuric  acid  required  according  to  the 
above  equation  is  employed,  as  at  the  higher  temperature 
reached  in  the  process  the  sodium  hydrogen  sulphate  first 
formed  acts  on  more  Chili  saltpetre  according  to  the  following 
equation  : 

NaHSOi  +  NaNO,  =  Na^SOi  +  HNO,. 

The  two  diflferent  equations  representing  the  two  reactions 
may  also  be  represented  in  one,  as  follows  : 

2NaN03  +  HjS04  =  NagSOi  +  2HNO3. 

Nitric  acid  thus  obtained  is  represented  by  the  formula 
HNO3  ;  it  is  a  strongly  fuming  liquid,  colourless  when  pure, 
but  usually  slightly  yellow  from  the  presence  of  lower  oxides 
of  nitrogen.  It  was  formerly  termed  ^«^i/^r//j.  Its  specific  , 
gravity  is  i'5i  at  18°  ;  it  does  not  possess  a  constant  boiling 
point,  as  it  gradually  undergoes  decomposition  by  boiling, 
and  becomes  weaker :  if  mixed  with  water,  and  distilled 
under  thp  ordinary  atmospheric  pressure,  the  residual  acid  is 
found  at  last  to  attain  a  fixed  composition,  boiling  constantly 
at  i20°-5,  containing  68  per  cent,  of  HNO3,  and  possessing  a 
specific  gravity  of  1*414.  When  mixed  with  less  water,  a 
stronger  acid  than  this  comes  over  ;  when  mixed  with  more 
water,  a  weaker  one  first  distils  over  till  this  constant  com- 
position is  attained.  Nitric  acid  contains  76  per  cent,  of 
oxygen,  with  some  of  which  it  easily  parts  ;  hence  it  acts  as 
a  strong  oxidising  agent.    This  is  seen  when  we  bring  a 


small  quantity  of  metallic  copper  or  tin  into  this  liquid 
diluted  with  a  little  water  ;  red  fumes  are  immediately  givBD 
off,  and  the  metals  are  oxidised  ;  for  the  same  reason  nitric 
acid  bleaches  indigo  solution,  oxidising,  and  therefore  de- 
stroying, the  colouring  matter.  This  reaction,  and  the  for- 
mation of  red  fumes  in  presence  of  metallic  copper,  &c., 
serve  as  modes  of  detecting  the  presence  of  nitric  acid.  One 
of  the  most  delicate  tests  for  this  acid  consists  in  adding  to 
the  liquid  to  be  tested  an  e^ual  volume  of  strong  sulphuric 
acid,  cooling  the  mixture  well,  and  careftjUy  pouring  on 
to  its  surface  a  solution  of  ferrous  sulphate,  FeSO,  :  if  any 
nitric  acid  be  present  a  black  ring  is  produced  where  the  two 


■  layers  of  liquid  meet.  Nitric  acidforms,  with  metallic  oxides, 
by  the  process  of  double  decomposition,  a  numerous  family 
of  salts  called  nitrates  :  these  are  nearly  all  soluble  in  water, 
and  many  of  them  are  largely  used  in  the  arts  for  various 
purposes.     They  wilt  be  mentioned  under  the  several«ietals. 

Nitric  acid  itself  is  largely  employed  in  the  preparation  ol 
gim  cotton,  nitro-glycerine,  colouring  matters,  &c. 

Adds,  Bases,  and  Salts. — In  nitric  acid  we  have  the  first 
example  of  a  series  of  important  compounds  known  as  atids. 
Most  of  the  acids  are  soluble  in  water  ;  they  possess  a  sour 
taste,  and  have  the  property  of  turning  blue  litmus- solution 
red.  All  acids  contain  hydrogen,  combined  either  with  an 
clement,  or  with  a  group  of  elements,  which  almost  always 


i 
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contains  oxygen  ;  in  the  latter  case  the  substances  are  termed 

H  \ 
oxy-actds.    These  acids  may  be  regarded  as  water,  u  J  O, 

in  which  part  of  the  hydrogen  is  replaced  by  the  oxygenated 
group  of  atoms  :    thus  nitric  acid  may  be  represented  as 

TT*  [  O.     When  the  rest  of  the  hydrogen  of  an  acid  is 

replaced  by  a  metal,  as,  for  instance,  when  sulphuric  acid  acts 
upon  zinc,  the  acid  character  of  the  substance  disappears^ 
and  a  salty  called  zinc  sulphate,  is  formed,  thus — 


Salts  are  likewise  produced  when  certain  hydroxides  and 
oxides  are  brought  into  contact  with  acids  ;  thus  if  the 
solution  of  potassium  hydroxide  (caustic  potash),  obtained 
by  the  action  of  the  metal  potassium  on  water,  is  added  to 
nitric  acid,  the  alkaline  or  caustic  properties  of  the  hydroxide 
as  well  as  the  sour  taste  of  the  nitric  acid  disappear  at  a 
certain  point ;  the  solution  becomes  neutral^  that  is  it  does 
not  change  the  colour  of  either  blue  or  red  litmus,  and  the 
salt  potassium  nitrate  is  contained  in  the  liquid  :  thus — 

The  soluble  hydroxides  which  thus  act  upon  acids  are  termed 
alkalis,  and  have  the  power  of  turning  red  litmus-solution 
blue.  In  the  same  way  many  metallic  oxides,  called  basic 
oxides,  or  bases,  act  upon  acids  to  form  salts ;  thus  silver 
oxide  dissolves  in  nitric  acid,  and  neutralises  its  acid 
character,  forming  soluble  silver  nitrate,  thus — 

A|}0..N0^}0  =  H)0..N^)0. 

Nitrogen  Pent  oxide,  or  Nitric  Anhydride} 

Symbol  NgO^,  or  ^^  [  O  : — This  oxide  bf  nitrogen  can 
be  prepared  directly  from  pure  nitric  acid  by  carefully  adding 

1  By  an  anhydride  is  meant  an  oxide  which  forms  an  acid  on  treatment  with 
water. 
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to  it  phosphorus  pentoxide,  which  takes  away  one  molecule 
of  water  from  two  of  nitric  acid,  thus — 

2HNO,  =  NjOg  +  H,0. 

Another  method  of  preparing  this  substance  is  to  pass  dry 
chlorine  gas  over  silver  nitrate ;  silver  chloride  is  formed, 
oxygen  is  given  off,  and  a  white  crystalline  substance  pro- 
duced, which  on  analysis  is  found  to  be  nitrogen  pentoxide. 
The  reaction  is  represented  by  the  equation  : — 

2AgN0j  +  Cla  =  2AgCl  +  N^Oj  +  O. 

Nitrogen  pentoxide  melts  at  +  30°  and  boils  at  +  45° ;  it 
very  easily  undergoes  decomposition,  and  unites  with  great 
energy  with  water,  forming  nitric  acid. 

All  the  other  oxides  of  nitrogen  may  be  obtained  from 
nitric  acid  by  depriving  it  of  its  hydrogen,  and  more  or  less 
of  its  oxygen. 


LESSON   VII. 
Nitrogen  Monoxide ^  or  Nitrous  Oxide, 

Symbol  NjO,  Molecular  Weight  43*98,  Density  2i'^y  is 
obtained    by    heating    ammonium  nitrate,     NH4NOJ    or 

1:5*  j-O,  in  a  flask  such  as  that  used  for  the  production 

of  oxygen,  and  is  best  collected  over  warm  water  (see 
Fig.  21).  The  salt  decomposes  on  heating  as  follows: 
NH4NO3  =  N2O  -}■  2  HgO  ;  or  ammonium  nitrate  yields 
nitrogen  monoxide  and  water.  Nitrous  oxide  is  a  colour- 
less inodorous  gas  possessing  a  slightly  sweet  taste ;  it  is 
somewhat  soluble  in  cold  water,  one  volume  of  water  at 
o^  dissolving  1305  volumes  of  the  gas,  whilst  one  volume  of 
water  at  24°  dissolves  only  o"6o8  volume.  Nitrogen  mon- 
oxide like  all  the  other  gases,  liquefies  when  exposed  either  to 
great  pressure  or  to  a  great  degree  of  cold.    Thus,  if  it  ba 
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brought  under  a  pressure  of  about  30  atmospheres  at  0°,  or 
if  it  be  cooled  down  to  -  88°  under  the  ordinary  pressure,  it 
forms  a  colourless  liquid ;  (in  other  words,  the  tensioit  of 
nitrous  oxide  vapour  or  gas  is  i  atmosphere  at  -  88  ",  and  30 
atmospheres  at  0°  C).  If  this  liquid  be  cooled  below -113°, 
it  solidilies  to  a  transparent  mass.  By  the  rapid  evaporation 
of  this  liquid  in  a  vacuum,  a  reduction  of  temperature  to 
— 140°  C.  is  obtained.  A  glowing  chip  of  wood  when  plunged 
into  nitrous  oxide  rekindles,  and  the  wood  continues  to  bum 
with  a  brighter  flame  than  in  the  air,  whilst  phosphorus  on 
burning  in  this  gas  evolves  nearly  as  much  light  as  in  pure 
oxygen  ;  a  feeble  flame  of  sulphur  is,  however,  extinguished 


on  bringing  it  into  the  gas,  but  if  burning  strongly  it  also 
continues  to  burn  brightly.  This  is  owing  to  the  fact  that 
the  gas  must  be  decomposed  into  nitrogen  (i  volume)  and 
ox^en  (half  a  volume)  before  bodies  can  bum  in  it  ;  and  to 
effect  this  decomposition  a  tolerably  high  temperature  is 
necessary — the  same  products  of  combustion  being  produced 
as  if  the  combustion  went  on  in  the  air.  When  inhaled  for 
some  time  it  produces  insensibility,  and  is  much  used  in 
dental  operations.  If  it  is  mixed  with  air,  it  produces  a 
peculiar  intoxicating  eflecC  on  the  human  frame ;  hence 
it  has  been  called  laughing-gas.  The  composition  of 
nitrons  oxide  may  be  determined  as  follows :  a  bent  tube 
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(Fig.  22)  is  filled  with  the  dry  gas  over  mercury  up  to  a 
certain  mark  on  the  tube,  a  small  pellet  of  metallic  potas- 
sium having  been  previously  introduced  into  the  bent 
part  of  the  tube ;  this  is  then  heated  by  a  spirit-lamp,  or 
Bunsen's  burner,  while  the  open  end  of  the  tube  is  closed 
with  the  thumb  under  the  mercury,  to  prevent  a  loss  of 
gas  by  the  sudden  expansion  caused  by  the  combustion.  The 
potassium  bums  in  the  gas,  uniting  with  the  oxygen  to  form 
solid  potassium  oxide,  whilst  the  nitrogen  remains  in  the 
tube.  On  removing  the  thumb  and  allowing  the  tube  to  cool, 
it  will  be  seen  that  the  volume  of  nitrogen  is  exactly  the 
same  as  the  volume  of  nitrous  oxide  taken  ;  hence  this  gas 
contains  its  own  Volume  of  nitrogen.  But  we  know  by 
experiment  that  the  weight  of  one  volume  of  the  gas  is 


Fig.  33. 

21*99,  so  that  if  we  subtract  from  this  the  weight  of  one 
volimie  of  nitrogen  (viz.  i4'oi)  we  shall  obtain  the  weight  of 
oxygen  (7*98)  contained  in  one  volume  of  nitrogen  monoxide. 
Hence  we  see  that  two  volumes  of  nitrous  oxide  are  composed 
of  two  volumes  of  nitrogen  and  one  volume  of  oxygen,  or 
43*98  parts  by  weight  contain  28  02  of  nitrogen  and  15*96 
of  oxygen,  and  its  formula  is  therefore  NgO.  The  specific 
gravity  of  nitrous  oxide  (air  =  i)  is  1*527  :  1,000  cc.  at  0° 
and  760  nmi.  weigh  1*972  grams. 


Nitrogen  Dioxide  or  Nitric  Oxide, 

Symbol  NO,  Molecular  Weight  2997,  Density  14*98. — A 
colourless  gas  obtained  by  acting  upon  copper  tuxivm^s  m\}j\ 


ELEMENTARY   CHEMISTRY 

nitric  acid.     The  arrangement  for  preparing  tliis  gas   and 
collecling  it  over  water  are  shown  in  Fig.  3j. 

3Cu  +  8HN0,  =  3Cu;NO,),  +  iNO  +  4H,0. 

Nitric  otide  when  cooled  lo  —  1 1°  under  a  pressure  of  104 
atmospheres  condenses  to  a  liquid.  \Vh:n  the  gas  is  miiced 
with  oxygen  it  combines  directly  with  this  latter  gas,  forming 
red  fumes  consisting  of  a  mixture  of  nitrogen  trioxide,  N,0„ 
and  nitrogen  peroxide,  NOj,  which  are  readily  soluhle  in 
water,  and  by  this  property  it  may  be  distinguished  from  all 
other  gases.  Ahhough  nitric  oxide  contains  half  its  volume 
of  oxygen,  and  more  oxygen  in  proportion  by  weight  than 


nitrous  oxide,  it  does  not  easily  support  combustion,  as  it 
requires  a  high  temperature  for  its  decomposition  ;  thus 
ignited  phosphorus,  unless  burning  very  brightly,  is  extin^ 
guished  on  plunging  it  into  nitric  oxide  gas. 

The  composition  of  this  gas  may  be  determined  according 
to  the  method  described  under  nitrogen  monoxide  ;  one 
volume  of  nitrogen  dioxide  yields  half  a  volume  of  nitrogen ; 
as  the  weight  of  one  volume  of  nitrogen  dioxide  is  I4'98,  the 
weight  of  oxygen  contained  in  one  volume  of  this  gas  is  I4"y8 
—  7  =  798  ;  or  two  volumes  of  nitrogen  dioxide  weigh  29-97, 
and  are  composed  of  one  volume  of  nitrogen  weighing  I4"oi, 
and  one  of  oxygen  weighing  IS'96.  Hence,  in  accordance 
with  the  law  mentioned  on  pp.  57,  158,  respecting  the 
densities  of  compound  gases,  the  formula  of  this  oxide 
should  be  NO  and  not  N,Oy 
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The  specific  gravity  of  nitric  oxide  (air  =  i)  is   1*038,  and 
1,000  cc.  of  this  gas  at  0°  and  760  mm.  weigh  i'343  grams. 


Nitrogen  Trioxide, 

Symbol  NgOg,  Molecular  Weight  75-9,  Density  37*95. — 
This  substance  is  prepared  by  mixing  four  volumes  of  dry 
nitrogen  dioxide  with  one  volume  of  oxygen,  and  cooling  the 
mixture  to  —  18° ;  the  two  gases  combine  to  form  red  fumes, 
which  condense  to  a  volatile  indigo-blue  coloured  liquid  ;  the 
same  blue  body  is  obtained  by  adding  water  to  nitrogen 
tetroxide  and  drying  the  distillate  over  calcium  chloride.  It 
is  also  formed  by  the  action  of  moderately  strong  nitric  acid 
upon  arsenic  trioxide,  with  formation  of  arsenic  acid,  thus  : 

AsjO,  +  2HNO8  +  2H2O  =  NjOj  +  2H8ASO4. 

Arsenic  trioxide,  nitric  acid  and  water,  yield  nitrogen  trioxide  and  arsenic  acid. 


Nitrous  Acid, 

Symbol  HNO2.  Nitrogen  trioxide  dissolves  in  ice-cold 
water,  forming  a  blue  liquid,  and  containing  nitrous  acid  or 
hydrogen  nitrite,  HNO2,  in  solution  ;  this  compound  is  very 
unstable,  and  decomposes  when  the  water  is  warmed  into 
nitric  acid  and  nitric  oxide,  thus  : 

SHNOj  =  IINO3  +  2NO  +  H2O. 

The  salts  formed  by  nitrous  acid  are,  however,  not  liable 
to  such  easy  decomposition  ;  potassium  nitrite,  KNO2  is 
obtained  by  heating  potassium  nitrate,  KNO3,  which  loses 
one  atom  of  oxygen  ;  the  same  salt  is  produced  when  nitro- 
gen trioxide  is  led  into  a  solution  of  caustic  potash,  thus  : 

No/^  +  ^k;^  =  ^k  ;^  +  h;^* 

Hence,  nitrogen  trioxide  stands  to  the  nitrites  in  the  same 
position  as  nitrogen  pentoxide  to  the  nitrates.  It  will  be 
noticed  that  nitr/V  acid  forms  salts  called  rCxXxateSy  whilst 
TLXXxous  acid  gives  rise  to  nitr//^j ;  this  is  an  example  of  a 
general  rule  adopted  in  chemical  nomendaluie  xYvaX  \i  \!ki<^ 


70  ELEMENTARY   CHEMISTRY  lessO!* 

specific  name  of  an  acid  or  hydrogen  salt  end  in  "  ous,"  the 
names  of  the  corresponding  metallic  salts  end  in  "ite," 
whilst  acids  whose  names  end  in  ''  ic  "  form  salts  ending  in 
"  ate.'' 


Hypanitrous  Acid. 

An  acid  has  been  obtained  which  stands  to  nitrous  oxide, 
N^O,  as  nitrous  acid  does  to  nitrogen  trioxide.  To  this 
substance  the  name  of  hyponitrous  acid  has  been  given,  and 
its  formula  is  H NO  or  HjNjOj :  it  is  however  not  known  to 
exist  in  the  free  state,  although  its  sodium  compound  NaNO 
can  be  prepared  by  the  action  of  sodium  amalgam  on  a 
solution  of  sodium  nitrate 

NaNO,  +  2H,  =  NaNO  +  2HjO. 


Nitrogen  Peroxide, 

Symbol  NOj,  Molecular  Weight  45*93,  Density  22*96. — 
This  substance  forms  the  greater  part  of  the  reddish-brown 
fumes  evolved  when  nitric  oxide  gas  escapes  into  the  air ; 
it  is,  however,  best  prepared  by  heating  lead  nitrate  in  a 
hard  glass  retort ;  lead  oxide,  oxygen,  and  nitrogen  peroxide 
are  produced  by  the  decomposition  of  the  nitrate,  thus  : 

2Pb(N0,)a  =  2PbO  +  4NO,  +  O^ 

Nitrogen  peroxide,  NO2,  solidifies  at  —9°  to  long  prisms  ; 
these  oa  fusing  yield  a  yellow  liquid,  boiling  at  22°.  At  a 
low  temperature  it  has  probably  the  formula  N2O4,  but  at  a 
higher  temperature  it  has  the  density  22*96,  and  its  formula 
must  then  be  NO2,  the  molecules  of  N2O4  having  split  up 
into  two  of  NO2. 


NITROGEN  AND   HYDROGEN. 

Ammonia, 

Symbol  NHg,  Molecular  Weight  17-01,  Density  8*5.— 
Nitrogen  and  hydrogen  form  three  compounds,  the  most 
important  of  which  is  Ammonia. 


d 
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This  substance  is  chiefly  obtained  from  the  decomposition 
of  animal  or  vegetable  matter  containing  nitrogen  and 
hydrogen,  being  formed  either  gradually  at  the  ordinary 
temperature,  or  quickly  under  the  influence  of  heat ;  thus 
when  horn,  hide,  or  coal,  is  heated^  ammonia  is  given 
off;  hence  ammonia  was  known  as  spirit  of  hartshorn. 
The  name  ammonia  is  derived  from  the  fact  that  a 
compound  containing  ammonia,  called  sal-ammoniac,  was 
first  prepared  by  the  Arabs  in  the  deserts  of  Libya,  near 
the  temple  of  Jupiter  Ammon,  by  heating  camels'  dung. 
Guano,  the  dried  excrement  of  sea-birds,  and  the  urine  of 
animals,  likewise  contain  large  quantities  of  ammonia.  Am- 
monia and  its  compounds  are  now,  however,  mainly  obtained 
from  the  ammoniacal  liquors  of  the  gasworks  :  coal  contains 
about  2  per  cent  of  nitrogen,  which,  when  the  coal  is  heated 
in  closed  vessels,  largely  comes  off  in  combination  with  the 
hydrogen  of  the  coal  as  ammonia.  Hydrochloric  acid  is 
added  to  this  ammoniacal  liquor,  and  the  solution  evaporated, 
when  the  sal-ammoniac  of  commerce  is  obtained. 

Ammonia  may  also  be  formed  by  the  action  of  nascent 
hydrogen  on  dilute  nitric  acid ;  and  when  this  acid  is  placed 
in  contact  with  metallic  zinc  or  iron,  ammonia  is  formed, 
thus  : 

9HNOs  +  4Zn  =  4Zn(N03)B  +  3H2O  +  NH^ 

Ammonia  gas  is  best  prepared  by  heating  in  a  glass  flask 
one  part  by  weight  of  sal-ammoniac,  or  ammonium  chloride, 
NH4CI,  and  an  excess,  or  two  parts  by  weight  of  powdered 
quicklime.  The  decomposition  which  here  occurs  is  re- 
presented by  the  following  equation  : 

CaO  +  2NH8HCI  =  CaCla  +  2NH,  +  HjO. 
Qmcklime  and  sal>ammoniac  give  calcium  chloride,  ammonia,  and  water. 

Ammonia  gas  is  colourless,  and  possesses  a  most  pungent 
and  peculiar  smell,  by  means  of  which  it  can  be  readily 
recognized  ;  it  is  lighter  than  air,  its  specific  gravity  (air  =1) 
being  0*59,  and  it  may  be  collected  by  displacement,  the  neck 
of  the  bottle  intended  to  receive  the  gas  being  turned  down- 
wards, as  in  Fig.  24.  A  cylinder  filled  with  quicklime  is  here 
placed  between  the  flask  and  the  bottle  for  the  purpose  of 
completely  drying  the  ammonia.     A  simpler  attaxv^exwexsl  \% 
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shown  in  Fig.  25 ;  a  layer  of  powdered  quicklime  placed 
in  the  upper  part  of  the  flask  itself  serves  to  dry  the  gas. 
Ammonia  may  also  be  collected  over  mercury,  but  not  over 
water,  as  it  is  extremely  soluble  in  thii  liquid,  one  gram  of 
water  al  0°  absorbing  0-875  graiHj  or  1 148  times  its  volume, 
of  ammonia,  under  a  pressure  of  760  mm. ;  whilst  at  20"  the 
same  weight  of  water  absorbs  0-526  gram,  or  741-24  times  its 
volume,  under  the  same  pressure.  The  solution  of  ammonia 
gas  in  water  is  the  common  liquor  ammonia:  of  the  shops, 
which  has  a  Specific  gravity  of  about  0880.    Ammonia  gas. 


Fid.  14. 


as  well  as  the  aqueous  solution,  possesses  a  strong  alkaline 
reaction,  turning  red  vegetable  colours  blue ;  it  unites  with 
the  most  powerful  acids,  forming  compounds  called  the  salts 
of  ammonium  (seep.  199),  which  closely  resemble  the  salts 
of  the  alkali-metals ;  hence  the  name  of  the  volatile  alkali  has 
been  given  to  ammonia.  The  action  of  a 
nitric  acid  may  be  thus  represented — 


NH,  ■ 


NO,H  =  NH,NO, ; 


NHj' 

NO,. 


O. 


1  pressure  of  seven  atmospheres  at  the 
ordinary  temperature  of  the  air  (about  15°  C.),  anmionia 
condenses  to  a  colourless  liquid,  boiling  at  -  33^7  ;  and  this 
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liquid,  if  cooled  below-75°,  freezes  to  a  transparent  solid. 
An  elegant  application  of  the  principle  of  the  latent  heat  of 
vapours  has  recently  been  made  in  the  case  of  ammonia  in 
M.  Carry's  freezing  machine  (Fig.  26).  This  consists  essen- 
tially of  two  strong  iron  vessels  connected  in  a  perfectly 
air-tight  manner  by  a  bent  pipe ;  one  of  these  vessels  con- 
tains an  aqueous  solution  of  ammonia  saturated  with  the  gas 
at  0°,  When  it  is  desired  to  procure  ice,  the  vessel  (a)  con- 
-  taining  the  ammonia  solution  (which  we  will  term  the  retort) 
is  gradually  heated  over  a  large  gas-burner,  the  other  vessel 


B  (the  receiver)  being  placed  in  a  bucket  of  cold  wati 
consequence  of  the  increase  of  temperature,  the  gas  c 
remain  dissolved  in  the  water,  and  passes  into  the  r 
where,  as  soon  as  the  pressure  amounts  to  about  to  atmo- 
spheres, it  condenses  in  the  liquid  form.  When  the  greater 
part  of  the  gas  has  thus  been  driven  out  of  the  water,  the 
apparatus  is  reversed,  the  retort  (A)  being  cooled  in  a  current 
of  cold  water,  whilst  the  liquid  it  is  desired  to  freeze  is  placed 
in  the  interior  of  the  receiver  (b).  A  re-absorption  of  the 
ammonia  by  the  water  now  takes  place,  and  a  consequent 
evaporation  of  the  tiqueHed  a 
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evaporation  is  accompanied  by  an  absorption  of  the  heat 
which  is  necessary  for  the  existence  of  the  gas ;  hence  the 
receiver  is  soon  cooled  far  below  the  freezing  point,  and  ice 
is  produced  around  it. 

The  composition  of  ammonia  may  be  ascertained  by 
leading  the  gas  through  a  red-hot  tube,  or  passing  a  series 
of  electric  sparks  through  the  gas,  when  it  will  be  decom- 
posed into  nitrogen  and  hydrogen,  which  will  be  found  to 
occupy  together  a  volume  twice  as  large  as  the  anmionia 
taken,  and  mixed  together  in  the  proportions  of  three  volumes 
of  hydrogen  to  one  volume  of  nitrogen.  That  this  is  the 
case  may  be  proved  by  exploding  the  mixed  gases  with  f  of 
their  volume  of  oxygen,  when  the  whole  of  the  hydrogen  will 


Fig.  26. 


unite  to  form  water,  and  pure  nitrogen  will  be  left.  Hence  the 
formula  NHg  is  given  to  the  gas.  A  mode  of  exhibiting 
the  presence  of  hydrogen  is  to  apply  a  light  to  the  end  of 
a  red-hot  tube  through  which  the  ammonia  is  passing  ;  the 
hydrogen  which  is  thus  set  free  takes  fire  and  burns  with 
formation  of  water.  Pure  nitrogen  may  be  obtained  from 
the  mixed  gases  by  passing  them  over  red-hot  oxide  of  copper, 
when  water  is  formed,  and  the  remaining  nitrogen  gas  naay 
be  collected  over  the  pneumatic  trough. 

The  salts  of  ammonia  are  described  together  with  those 
of  potassium  and  sodium  (p.  185). 

Up  to  the  year  1887,  ammonia  was  the  only  known  com- 
pound of  nitrogen  and  hydrogen  ;  since  then  two  other 
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have  been  discovered,  both  of  which  are  obtained  as  products 
of  decomposition  of  compounds  containing  carbon  and 
nitrogen. 

Hydrazine  or  Diamide^  HjN.NHa  is  prepared  by  boiling 
triazoacetic  acid  (p.  )  with  sulphuric  acid ;  it  combines  with 
the  latter  forming  the  salt,  hydrazine  sulphate^  N2H4,  H2SO4. 
Free  hydrazine  is  a  gas  with  a  peculiar  penetrating  odour, 
which  has  not  been  obtained  in  the  pure  condition,  as  it 
combines  with  great  avidity  with  water  forming  hydrazine 
hydrate^  N2H4.H2O.  This  is  prepared  by  boiling  the  sul- 
phate with  caustic  soda  solution,  and  forms  a  refractive, 
somewhat  oily  fuming  liquid,  boiling  at  118*5°,  and  having  a 
most  corrosive  action,  attacking  even  glass.  It  solidifies  at 
a  very  low  temperature,  and  has  a  sp.  gr.  of  1*03  at  21**.  It 
possesses  also  the  property  of  precipitating  many  metals 
from  solutions  of  their  salts. 

Hydrazine  combines  with  a  large  number  of  acids,  form- 
ing a  well  defined  series  of  salts. 

Azoimide,^^. — This  compound  is  obtained  from  benzoyl- 
diazoimide  (see  Organic  Chemistry\  and  has  the  composition 
N3H.  It  is  a  colourless  mobile  liquid,  boiling  at  37°,  and 
having  a  very  pungent  Snd  exceedingly  unpleasant  smell.  It 
is  very  unstable  and  frequently  decomposes  with  a  tremendous 
explosion.  It  mixes  with  water  and  alcohol  in  all  propor- 
tions, and  unites  with  bases  forming  salts  just  in  the  same 
manner  as  hydrochloric  acid  (p.  100).  Thus  with  caustic 
soda  it  gives  the  sodium  salt  NjNa,  and  with  ammonia  the 
ammonium  salt  N,.NH4  or  N4H4.  These  salts  are  also  very 
explosive. 


LESSON  VIII. 

CARBON. 

Symbol  C,  Atomic  Weight  11*97.— Carbon  is  the  first 
solid  element  which  we  have  had  to  notice  ;  it  is  not  known 
either  as  a'  liquid  or  as  a  gas.  Carbon  is  remarkable  as 
existing  in  three  distinct  forms,  which,  in  outward  ap- 
pearance or  physical  properties,  have  nothing  in  common, 
whilst  their  chemical  relations  are  identicaL    These  Ihxe^ 
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allotropic  forms  of  carbon  are  (i)  Diamond,  (2)  Graphite 
or   Plumbago,  (3)    Charcoal :    these    substances  differ  in 
hardness,  colour,  specific  gravity,  &c.,  but  they  each  yield 
on  combustion  in  the  air  or  oxygen  the  same  weight  of  the 
same  substance,  carbonic  acid,  or  carbon  dioxide;^  ii*97 
parts  by  weight  of  each  of  these  forms  of  carbon  yielding 
43*98  parts  by  weight  of  carbon  dioxide.    Carbon  is  the  ele- 
ment which  is  specially  characteristic  of  animal  and  vegetable 
life,  as  every  organized  structure,  from  the  simplest  to  the 
most  complicated,  contains  carbon ;    if  carbon  were  not 
present  on  the  earth,  no  single  vegetable  or  animal  body 
such  as  we  know  could  exist.    In  addition  to  the  carbon  which 
is  found  free  in  these  three  forms,  and  that  contained  com- 
bined with  hydrogen  and  oxygen  in  the  bodies  of  plants  and 
animals,  it  exists  combined  with  oxygen  as  free  carbon  di- 
oxide in  the  air,  and  with  calcium  and  oxygen  as  calcium 
carbonate  in  limestone,  chalk,  marble,  corals,  shells,  &c. 
The  fact  has  already  been  noticed  that  plants  are  able,  when 
exposed  to  sunlight,  to  decompose  the  carbon  dioxide  in  the 
air,  liberating  the  oxygen,  and  taking  the  carbon  for  the 
formation  of  their  vegetable  structure;  whilst  all  animals, 
living  directly  or  indirectly  upon  vegetables,  absorb  oxygen, 
and  evolve  carbon  dioxide.     Thus  the  sun's  rays,  through 
the  medium  of  plants,  effect  deoxidation  or  reduction,  while 
animals  act  as  oxidizing  agents  with  respect  to  carbon.     It 
must,  however,  be  remembered  that  this  decomposition  of 
carbon  dioxide  by  plants  is  a  nutritive  and  not  a  respiratory 
process. 

The  element  carbon  not  only  combines  directly  with 
oxygen,  but  also  with  hydrogen,  forming  a  compound  called 
acetylene,  CjHg.  With  oxygen,  hydrogen,  and  nitrogen, 
carbon  forms  a  series  of  more  or  less  complicated  com- 
pounds very  much  more  extended  than  the  series  formed 
with  these  bodies  by  any  other  element.  The  properties 
of  most  of  these  compounds,  owing  to  their  complexity,  are 
best  considered  in  a  separate  chapter,  under  the  head  of 
organic  chemistry.     Hence  it  will  be  better  to  postpone 

1  Althotigh  the  term  "  acid,"  as  we  have  already  seen,  strictly  denotes  a 
hydrogen  salt,  yet  the  word  has  been  applied  so  long  to  a  few  other  compounds 
containing  no  hydrogen,  such  as  carbon  dioxide,  &c.,  that  these  bodies  are 
universalhr  known  by  the  names  carbonic  acid,  &c  Another  term  for  this 
compound  is  carbonic  anhydride. 


WOND 

tiJl  then  the  consideiatino  of  several  of  the  propcrti 
carbon.      Some  of  the  simpler  compounds  are,  however, 
for  Ihe  sake  of  convenience  usually  considered  with  the 
inorganic  compounds. 

The  Diamond  was  first  proved  lo  consist  of  carbon  by 
Lavoisier,  in  1775-6,  by  burning  it  in  oxygen,  and  collect- 
ing the  carbon  dioxide  formed  ;  it  occurs  crystallized  in 
certain  sedimentary  rocks  and  gravel  in  India  (Goiconda), 
Eomeo,  the  Cape,  and  the  Brazils.  Diamond  occurs 
crystallised  in  forms  (Fig.  27),  derived  by  a  symmetrical 
geometric  operation  from  a  regular  octahedron,  belonging 
to  the  regular  system  of  Crystallography  (sec  p.  179). 
The  specific  gravity  of  diamond  varies  from  3'S  to  3*6} 


I 
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it  is  the  hardest  of  all  known  bodies,  and  when  cut 
possesses  a  brilliant  lustre,  and  a  high  refractive  power.  In 
addition  to  its  employment  as  a  gem,  the  diamond  is  used 
for  cutting  and  wriling  upon  glass.  We  are  altogether  un- 
acquainted with  the  mode  in  which  the  diamond  has  been 
formed  :  it  has,  however,  probably  rot  been  produced  at  a 
high  temperature,  because,  when  heated  strongly  in  a  medium 
incapable  of  acting  chemically  upon  it,  the  diamond  swells 
up,  and  is  converted  into  a  black  mass  resembling  coke. 

Graphite,  or  PlumSaffo,  crystallines  in  six-sided  plates 
which  have  no  relation  to  the  form  in  which  the  diamond 
crystallizes.  Graphite  occurs  in  the  oldest  sedimentary 
formations,  and  in  granitic  or  primitive  rocks  ;  it  is  found  in 
.Borrowdale  in  Cumberland,  and  in  large  quantities  in  North 
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America,  Siberia,  and  Ceylon.  It  has  a  black  metallic  ap- 
pearance (whence  the  familiar  name,  black  lead),  and  leaves 
a  mark  when  drawn  over  paper.  The  specific  gravity  of 
graphite  is  215  to  2*35.  Coarse  impure  graphite  may  be 
purified  by  heating  the  powder  with  sulphuric  acid  and  potas- 
sium chlorate  ;  a  compound  is  thus  obtained  which,  on  being 
heated  strongly,  decomposes,  leaving  pure  graphite  as  a 
bulky  and  finely-divided  powder :  this  powder  when  strongly 
compressed  forms  a  coherent  mass,  from  which  pencils  and 
other  articles  can  be  made.  Graphite  is  used  for  polishing 
surfaces  of  ironwork,  and  also  for  giving  a  protecting  var- 
nish to  grains  of  gunpowder.  Graphite  is  also  produced  in 
the  manufacture  of  iron  ;  it  occasionally  separates  from  the 
molten  pig-iron  in  the  form  of  scales. 

Charcoal  is  the  third  allotropic  modification  of  carbon.  It 
is  obtained  in  a  more  or  less  pure  state  whenever  animal  or 
vegetable  matter  is  heated  to  redness  in  a  vessel  nearly 
closed :  the  volatile  matters  (compounds  of  carbon,  hydro- 
gen, and  oxygen)  are  thus  driven  off,  and  the  residue  of  the 
carbon,  together  with  the  ash  or  mineral  portion  of  the 
organism,  remains  behind. 

The  purest  form  of  charcoal-carbon  is  found  in  lamp- 
black ;  it  also  occurs  as  wood  charcoal,  coal,  coke,  and 
animal  charcoal.  This  form  of  carbon  does  not  crystallize, 
and  is  hence  termed  amorphous  carbon  :  it  is  much  lighter 
than  either  of  the  other  two  forms,  the  specific  gravity  of 
powdered  coke  varying  from  i*6  to  2*0.  Charcoal  appears  at 
first  sight  to  be  lighter  than  water,  as  a  piece  of  it  floats  on 
the  surface  of  this  liquid  ;  this  is,  however,  due  to  the  porous 
nature  of  the  charcoal,  for  if  it  be  finely  powdered  it  sinks 
to  the  bottom  of  the  water.  This  porous  nature  of  charcoal 
enables  it  to  exert  a  remarkable  absorptive  power,  of  which 
much  use  is  made  in  the  arts.  Charcoal  is  thus  able  to 
absorb  about  ninety  times  its  own  volume  of  ammonia  gas, 
and  about  nine  volumes  of  oxygen.  In  the  process  of  sugar- 
refining,  use  is  made  of  the  property  of  charcoal  to  absorb 
the  colouring  matters  present  in  the  raw  sugar  ;  the  kind  of 
charcoal  best  suited  to  this  purpose  is  that  obtained  by 
heating  bones  in  a  closed  vessel.  Charcoal  is  also  used 
as  a  disinfectant  in  hospitals  and  dissecting  rooms,  &c.  It 
appears  that  the  putrefactive  gases  when  absorbed  by  the 


VIII 


COAL 


79 


charcoal  undergo  a  gradual  oxidation  from  contact  with  the 
oxygen  of  the  air  taken  up  by  the  charcoal,  and  are  thus 
rendered  harmless. 

Coal  is  a  form  of  carbon  less  pure  than  wood  charcoal.  It 
consists  of  the  remains  of  a  vegetable  world  which  once 
flourished  on  the  earth's  surface  :  the  original  woody  fibre  has 
undergone  a  remarkable  transformation  in  passing  into  coal, 
having  been  subjected  to  a  process  similar,  from  a  chemical 
point  of  view,  to  that  by  which  wood  is  transformed  into 
charcoal.  It  has  not,  however,  lost  the  whole  of  its  hydrogen 
and  oxygen,  and  it  has  at  the  same  time  become  bitumenized, 
so  that  for  the  most  part  all  the  vegetable  structure  has  dis- 
appeared. There  are  many  different  kinds  of  coal,  contain- 
ing more  or  less  of  the  oxygen  and  hydrogen  of  the  original 
wood:  cannel  coal  and  boghead  coal  contain  the  most 
hydrogen,  and  anthracite  coal  the  least.  The  alteration  in 
composition  which  wood  has  undergone  in  passing  into  the 
various  fonns  of  coal  is  seen  from  the  following  table : — 

Compositions  of  Fuels  (ash  being  deducted). 


Percentage  Composition. 

Description  of  Fuel. 

Carbon. 

Hydrogen. 

Nitrogen 

and 
Oxygen. 

I  Woody  Fibre 

52-65 
60  02 
6696 
74-20 
85-81 
88-42 
94-05 

525 

5-88 

589 
585 
561 
338 

42*10 
34-10 
27-76 
19-90 

8*34 

5*97 
2-57 

2  Peat  from  the  Shannon 

3  Lignite  from  Cologne  . 

4  Larth  Coal  from  Dax  .    . 

5  Wigan  Cannel 

6  Newcastle  Hartley   .    . 

7  Welsh  Anthracite     .    . 
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S  OF  CARBON   WITH  OXYGEN. 
Carbon  forms  two  compounds  with  oxygen,  viz. : 


Carbon  Dioxide  or  Carbonic  Anhydride  (commonly  called 
Carbonic  Acid). 

Symbol  COj,  Molecular  Weight  43"89,  Density  31*94. — 
Carbon  dioxide  is  always  foimed  when  carbon  is  burnt  in 
excess  of  air  or  oxygen.  It  is  best  prepared  by  acting  ujion 
marble,  chalk,  or  other  form  of  calcium  carbonate,  with 
hydrochloric  acid.  On  pouring  some  of  this  acid  upon 
pieces  of  marble  contained  together  with  some  water  in  a 
flask,  a  rapidefTervescencefrom  the  disengagement  of  carbon 
dioxide  gas  at   once   occurs,  calcium   chloride  being  left 


behind  in  solution  in  the  flask.  Fig.  28  shows  the  mode  of 
collecting  this  gas  by  displacement  of  the  air.  The  decom- 
position is  thus  represented  : 

CaCO,  +  2HCI  =  CO,  +  H,0  +  CaClf 
C^dam  catbonalc  and  hydrochlotic  acid  givt  caibon  dioxide,  w»ier,  and 

Carbon  dioxide  occurs  free  in  the  air,  and  in  the  water  of 
many  mineral  springs.  The  quantity  of  this  gas  present  in 
the  air  is  nearly  constant,  and  amounts  to  from  3  to  4  volumes 
per  lopco  of  air  :  this  quantity,  though  relatively  small,  is, 
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taken  altogether,  very  large,  being  about  3  billions  of  tons  in 
weight,  as  can  be  easily  calculated  if  we  know  the  weight  of 
the  atmosphere  and  the  density  of  carbonic  acid. 

It  is  also  evolved  in  very  large  quantities  from  the  craters 
of  active  volcanoes,  as  well  as  from  fissures  in  the  districts  of 
extinct  volcanic  action. 

Owing  to  the  evolution  of  carbon  dioxide  in  respiration 
and  in  the  burning  of  coal-gas,  &c.,  this  gas  is  always  found 
in  larger  quantities  in  dwelling-rooms  than  in  the  open  air. 
When  the  air  of  a  room  contains  o'lo  per  cent,  of  this  gas, 
it  is  certainly  unfit  for  continued  respiration,  not  only  on  ac- 
count of  the  deleterious  effects  produced  by  carbon  dioxide, 
but  also  because,  together  with  this  gas,  volatile  putrescible 
matters  are  given  off  from  the  skin  and  lungs  of  animals,  and 
these  matters  act  in  a  prejudicial  mariner  upon  the  health ; 
hence  the  necessity  for  attention  to  the  ventilation  of  dwelling- 
rooms  and  public  buildings.  Carbon  dioxide  gas  is  also 
given  off  in  the  process  of  fermentation  ;  it  occurs  frequently 
at  the  bottom  of  old  wells,  and  forms  the  choke-damfiy  or 
after-dampy  of  the  coal  mines.  Compounds  of  carbon  di- 
oxide with  lime  or  magnesia,  such  as  limestone  or  calcium 
carbonate,  CaCOg,  and  magnesian  limestone,  &c.,  occur 
plentifully  in  nature,  sometimes  forming  whole  mountain 
chains.  Calcium  carbonate  also  constitutes  the  main  portion 
of  coral,  a  substance  of  which  whole  continents  are  being 
built  up  in  the  Pacific  Ocean. 

Carbon  dioxide  gas  is  colourless  and  inodorous,  but 
possesses  a  slightly  acid  taste  ;  it  is  1*529  times  heavier  than 
air,  and  is  tolerably  soluble  in  water,  but  is  all  expelled  by 
boiling,  one  volume  of  water  at  0°  dissolving  in  1797  volumes 
of  this  gas,  whilst  at  20°  only  0*901  volume  is  absorbed.  The 
volume  of  this  gas  absorbed  by  water  at  the  same  tempera- 
ture is  found  to  remain  the  same,  under  whatever  pressure 
the  gas  may  be  measured.  As  the  volumes  occupied  by  any 
given  quantity  of  gas  measured  under  different  pressures 
vary  inversely  as  these  pressures,  it  is  clear  that  the  weights 
of  carbon  dioxide  thus  absorbed  must  be  proportional  to  the 
pressures.  Thus,  for  instance,  under  the  pressure  of  i  atmo- 
sphere and  at  the  ordinary  temperature  of  the  air  i  cc.  of 
water  dissolves  i  cc.  or  1*972  milligrams  of  carbon  dioxide. 
So  under  a  pressure  of  2  atmospheres  i  cc.  of  waXftt  mlV 
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at  the  same  temperature  dissolve  /  cc.  (measured  under 
the  pressure  of  2  atmospheres)  or  2  X  1*972  =  3*944  milli- 
grams of  carbon  dioxide.  The  increased  quantity  of  absorbed 
carbonic  acid  under  increased  pressure  is  seen  when  a  bottle 
of  soda-water  or  champagne  is  opened  ;  the  pressure  being 
diminished  by  removal  of  the  cork,  a  brisk  effervescence  and 
escape  of  the  dissolved  gas  occurs.  The  same  relation  is 
found  to  hold  good  when  many  other  gases  are  dissolved  in 
water  under  varying  pressures. 

The  aqueous  solution  of  carbon  dioxide  reddens  blue 
litmus-paper,  and  when  placed  in  contact  with  a  metallic 
oxide,  as  for  example  calcium  oxide  or  lime,  CaO,  gives  rise  to 
the  formation  of  salts  such  as  calcium  carbonate;  this  aqueous 
solution  may  be  considered  to  contain  a  true  acid,  the  real 
carbonic  acid,  H2CO3  (which,  however,  has  never  yet  been 
isolated),  and  the  reaction  which  then  takes  place  may  be 
thus  represented : 

IlaCOa  +  CaO  =  CaCOj  +  HjO. 
Carbonic  acid  and  calcium  oxide  give  calcium  carbonate  and  water. 

The  red  colour  produced  by  the  acid  on  litmus-paper  dis- 
appears on  drying,  owing  to  the  decomposition  of  this  true 
carbonic  acid  into  carbon  dioxide  and  water,  thus  : 

HjCO,  =  COj  +  H3O. 

Carbon  dioxide  gas  does  not  support  the  combustion  of 
bodies  in  general,  such  as  wood,  sulphur,  or  phosphorus  ; 
but  certain  metals — for  instance  potassium  and  magnesium 
— heated  in  the  gas,  are  able  to  decompose  it,  burning  in  it, 
and  uniting  with  the  oxygen  to  form  oxides,  while  the  carbon 
is  liberated. 

Carbon  dioxide  can  be  condensed  to  a  liquid  by  the 
application  of  great  pressure,  or  by  cooling  the  gas  to  a 
low  temperature  :  liquid  carbon  dioxide  is  a  colourless  and 
very  mobile  liquid,  which  is  remarkable  inasmuch  as  it 
expands  by  heat  more  than  the  gaseous  form  of  the  same 
substance,  100  volumes  of  this  liquid  at  0°  becoming  106 
volumes  at  10,  while  100  volumes  of  the  gas  at  0°  must  be 
heated  to  i6°'4  before  they  expand  to  106  volumes  ;  hence 
this  body  is  an  exception  to  the  rule  that  liquids  expand  by 
heat  less  than  gases,  and  at  the  same  time  forms  an  excellent 
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illustration  of  the  fact,  that  liquids  expand  proportionally 
much  more  when  submitted  to  a  high  pressure  than  when 
under  a  low  one :  thus,  the  expansion  of  water  above  100°  is 
much  greater  than  that  below  100°.  The  boiling-point  of 
liquid  carbon  dioxide  is  —78°.  At  a  still  lower  temperature  it 
freezes  to  a  colourless,  ice-like  solid.  At  0°  the  tension  of 
its  vapour  is  35*5  atmospheres  ;  and  at  30°,  73*5  atmospheres. 
The  liquefaction  of  carbon  dioxide  gas  can  be  effected  by 
evolving  the  gas  in  a  strong  closed  vessel,  so  that  it  is  either 
condensed  by  its  own  pressure,  as  is  the  case  with  ammonia 
in  Carry's  freezing-machine  (described  on  p.  73) ;  or  by 
pumping  the  gas  by  means  of  an  ordinary  forcing  syringe 
into  a  strong  wrought-iron  receiver,  kept  during  the  process 
at  a  temperature  of  0°.  As  soon  as  the  volume  of  gas 
pumped  in  amounts  to  about  36  times  the  volume  of  the 
receiver,  each  stroke  of  the  syringe  produces  a  condensation 
of  the  gas  which  is  pumped  in  ;  and  thus  the  receiver  can 
easily  be  filled  with  liquid.  If  the  stopcock  be  then  opened 
so  that  the  liquid  is  forced  out,  a  portion  at  once  assumes 
the  gaseous  state ;  and  so  much  heat  is  absorbed  by  this 
sudden  transition  from  the  liquid  to  the  gaseous  form,  that 
a  portion  of  the  liquid  is  solidified  and  deposited  in  the  form 
of  white,  snow-like  flakes,  which  can  be  collected  by  allowing 
the  stream  of  liquid  to  flow  into  a  thin  brass  box  with 
perforated  sides. 

Solid  carbon  dioxide  thus  obtained  is  a  light,  snow-like 
substance,  which,  owing  to  the  bad  conducting  power  for 
heat  of  the  gas  which  the  solid  substance  is  constantly  giving 
off,  may  be  handled  without  damage,  although  its  tempera- 
ture is  below- 78°  C.  If,  however,  the  solid  be  forcibly 
pressed  between  the  fingers,  so  that  the  substance  really 
comes  in  contact  with  the  skin,  a  sharp  pain  will  be  felt, 
and  a  blister  like  one  produced  by  touching  a  hot  iron  will 
be  caused.  This  solid  carbon  dioxide  is  much  used  for 
the  production  of  very  low  temperatures  ;  for  this  purpose  it 
is  mixed  with  ether,  and  the  mixture  brought  into  the  vacuum 
of  an  air-pump,  whereby  a  temperature  as  low  as  -  100°  C. 
can  be  obtained,  and  large  quantities  of  mercury  may  easily 
be  frozen. 

Carbon  dioxide  is  now  liquefied  on  the  large  scale,  and  is 
employed  to  a  considerable  extent  in  the  arts.    The  chief 
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of  the  gas  used  for  tliis  purpose  is  Ihat  given  off  in 
of  fermenlaiion,  which  in  some  of  ihe  la.rger 

o  many  ions  a  day. 

The  composilion  of  carbon 
dioxide  may  be  ascertained 
with  great  exactness  by  burn- 
ing a  known  weight  of  pure 
carbon,  such  as  the  diamond 
or  graphite,  in  a  current  of 
pure  oxygen  gas,  and  weigh- 
ing the  carbon  dioxide  pro- 
duced. The  apparatus  for 
the  synthesis  of  this  gas  is 
represented  in  Fig.  3g.  The 
weighedquaniityofdiamond, 
placed  in  a  small  platinum 
boat,  is  pushed  into  the  por- 
celain  lube,  which  can  be 

'  strongly  heated  in  the  fum 
ace     One  end  of  this  tube 


ected 


ith    . 


holder  and  dr\ing  tubes,  A, 
li,  C,  bj  means  of  which 
pure  and  dr>  oxvgen  gas  is 
supplied  The  other  end  is 
connected,  as  is  seen,  with  a 
number  of  tubes  and  bulbs 
destmed  to  absorb  the  carbon 
dioxide  formed  bj  the  com 
bustion  :  the  lube  D  and  the 
bulb  £  contain  a  solution 
of  caustic  potash,  and  the 
other  lubes,  F,  are  filled  with 
pumice-stone  and  sulphuric 
acid.  The  bulbs  and  tubes 
are  carefully  weighed,  and  then  the  apparatus  is  filled  with 
pure  oxygen,  and  Ihe  tube  slowly  brought  to  a  red-heal. 
The  gas  passes  gradually  through  the  system  of  tubes,  and 
carries  along  with  it  the  carbon  dioxide  formed  by  the  com- 
bustion of  the  diamond  :  the  gas  is  wholly  absorbed  by  the 
potash  in  the  tube  and  bulbs,  whilst  any  moisture   which 
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might  be  given  off  from  the  bulbs  is  taken  up  by  the  tubes 
F.  The  oxygen  gas  is  dried  as  it  enters  and  also  as  it  leaves 
the  apparatus ;  so  that  the  gain  in  weight  which  the  tubes 
have  experienced  gives  exactly  the  weight  of  carbon  dioxide 
formed  by  the  combustion  of  the  carbon  of  the  diamond. 
Usually  the  diamond  contains  a  small  quantity  of  ash,  or 
mineral  matter,  which  is  incombustible  ;  and  this  weight 
must  be  subtracted  from  the  original  weight  of  the  diamond 
in  order  that  we  may  know  the  exact  weight  of  pure  carbon 
burnt :  for  this  reason  the  diamond  is  placed  in  a  platinum 
boat,  which  can  be  withdrawn  and  weighed  after  the  experi- 
ment, and  the  amount  of  ash  thus  determined.  Another 
precaution  that  must  be  taken  is,  to  fill  the  greater  part  of 
the  red-hot  tube  with  porous  copper  oxide,  in  case  any  trace 
of  carbon  monoxide  (CO)  should  be  formed  by  the  incom- 
plete combustion  of  the  carbon ;  this  gas  would  pass  un- 
absorbed  through  the  potash  unless  it  be  oxidized  to  carbon 
dioxide  by  the  heated  copper  oxide.  In  this  way  it  has  been 
shown  that  100  parts  of  carbon  dioxide  consist  of 

Carbon  .    .    27*27 

Oxygen  .    .       ••    72*73 

Carbon  Dioxide  .    loo'oo 


If  we  divide  27*27  by  the  combining  weight  of  carbon 

and  72*73  by  that  of  oxygen,  we  have  ?Z_?7  _  2-278  and 

11*97 

'^  '\  =  4*557  ;  or  the  relation  between  the  number  of  atoms 
15*96 

of  carbon  and  that  of  those  of  oxygen  is  that  of  i  to  2,  so 

that  the  formula  of  carbon  dioxide  is  COg.     Hence  the  gas 

should  contain  its  own  volume  of  oxygen  ;  for  43*89  parts  by 

weight  of  carbon  dioxide,  occupying  a  volume  equal  to  that 

occupied  by  2  parts  by  weight  of  hydrogen,  contain  31*92  parts 

by  weight  of  oxygen,  which  likewise  occupy  a  volume  equal 

to  that  of  2  parts  of  hydrogen.     That  this  is  the  case  can 

be  experiment-illy  proved  by  burning  charcoal  in  a  known 

volume  of  oxygen  in  excess,  when  it  is  observed  that,  after 

the  gas  has  cooled,  no  alteration  in  its  volume  has  occurred  : 

hence  the  volume  of  carbon  dioxide  formed  must  be  precisely 

equal  to  that  of  the  oxygen  used  in  its  formation. 
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LESSON  IX. 

Carbon  MonoxidCy  or  Carbonic  Oxide  Gas, 

Symbol  CO,  Molecular  Weight  27*93,  Density  13*96. — 
When  carbon  bums  with  a  limited  supply  of  oxygen,  car- 
bonic oxide  is  formed.  The  production  of  this  gas  in  an 
ordinary  red-hot  coal  fire  is  often  observed ;  oxygen  of  the 
air,  which  enters  at  the  bottom  of  the  grate,  combines  with 
the  carbon  of  the  coal,  forming  carbon  dioxide  ;  this  substance 
then  passing  upwards  over  the  red-hot  coals,  parts  with  half 
its  oxygen  to  the  red-hot  carbon  :  thus  : 

CO2  +  C  =  2CO. 

This  carbon  monoxide  on  coming  out  at  the  top  of  the  fire 
meets  with  atmospheric  oxygen,  with  which  it  at  once  com- 
bines, burning  with  a  lambent  blue  flame,  and  re-forming 
carbon  dioxide.  Carbon  monoxide  gas  in  the  pure  state  can 
be  prepared  by  passing  a  slow  current  of  carbon  dioxide 
over  pieces  of  charcoal  heated  to  redness  in  a  tube  by  means 
of  a  furnace,  as  represented  in  Fig.  30  :  it  may  likewise  be 
obtained  in  the  pure  state  from  several  compounds  of 
carbon.  Thus,  if  crystallized  oxalic  acid  be  heated  with 
strong  sulphuric  acid,  a  mixture  of  equal  volumes  of  carbon 
monoxide  and  carbon  dioxide  gases  is  evolved  :  this  lattsr 
can  be  easily  separated  from  the  former  by  shaking  the 
mixed  gas  up  with  caustic  soda  solution,  when  sodium  car- 
bonate will  be  formed,  half  the  volume  of  the  gas  will  dis- 
appear, and  the  remainder  will  be  found  to  be  pure  carbon 
monoxide.  This  decomposition  of  oxalic  acid  results  from 
the  fact  that  sulphuric  acid  has  a  strong  tendency  to  abstract 
water,  or  the  elements  of  water,  from  the  bodies  with  which 
it  comes  into  contact  :  thus  the  oxalic  acid,  which  may  be 
represented  zbs  C2H2O4  (see  p.  365),  being  deprived  of  the 
elements  of  one  molecule  of  water,  which  are  taken  up  by 
the  sulphuric  acid,  yields  a  compound,  C2O3,  which  cannot 
exist  alone,  and  immediately  splits  up  into  COj  and  CO. 


Carbon  monoxide  can  also  be  prepared  by  heating  formic  I 
acid,  CHjOa  {see  p.   335),  wilb  sulphuric  acid  ;  here,  a 
oxalic  acid,  the  elements  of  water  are  remoi-ed,  and  pure  CO 
is  thus  evolved. 

Carbon  monoxide  is  a  colourless,  tasteless  gas,  which  can 
be  condensed  to  a  liquid,  the  boiling  point  of  which  is  — 193% 
or  about  the  same  as  that  of  nitrogen  ;  it  is  tittle  lighter  than 
air,  its  specific  gravity  being  0969  (air  =  1),  and  is  but  very 
slightly  soiuble  in  water.  It  acts  as  a  strong  poison,  pro- 
ducing death  when  inhaled  even  in  very  small  quantities,  the 
tal  effects  often  observed  of  the  fumes  from  burning  char- 


□r  from  limekilns  being  due  to  the  presence  of  this  gas,  | 

a  healed  in  contact  with  oxygen,  carbon  monoxidetakes 

fire,  burning  with  a  characteristic  lambent  blue  flame,  and 

forming  carbon  dioxide.     In  contact  with  caustic  potash  at 

a  high  temperature,  carbon  monoxide  produces  potassium 

^prmate,  thus : 

■1  KOII  +  CO  =  KCHO,. 


Carbon  monoKirie  i; 
chloride,  CuCl,  and  thi 
from  other  gases. 

The   composition  of  this  gas 
in   the   eudiometer  wit' 


absorbed  by   a  solution  of  cuprous  I 
serves  as  a  means  of  separating  it  J 
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carbon  monoxide  and  75  volumes  of  oxygen  yield  on  passing 
the  electric  spark  125  volumes,  of  which  100  are  found  to  be 
absorbed  by  caustic  potash,  and  hence  are  carbon  dioxide, 
the  remaining  25  volumes  being  unaltered  oxygen.*  Hence 
the  volume  of  carbon  dioxide  produced  is  equal  to  that  of 
the  carbon  monoxide  taken,  whilst  the  volume  of  oxygen 
needed  is  half  as  large.  But  as  carbon  dioxide  contains  its 
own  volume  of  oxygen,  carbon  monoxide  must  contain  half 
its  volume  of  oxygen  ;  or  two  volumes  of  this  gas  weighing 
27*93  contain  one  volume  of  oxygen  weighing  15*96,  and 
hence  1 1  '97  parts  of  carbon  by  weight ;  therefore  its  molecular 
formula  is  CO. 


COMPOUNDS  OF  CARBON  WITH  HYDROGEN. 

These  compounds  are  very  numerous  ;  they  are  known  in 
the  gaseous,  liquid,  and  solid  forms.  A  still  larger  number 
of  substances  exist  containing  carbon,  hydrogen,  and  oxygen, 
with  sometimes  nitrogen ;  these  are  termed  organic  com- 
poundsy  and  they  are  more  numerous  than  all  the  compounds 
of  the  other  elements  put  together.  Many  of  these  are 
found  to  be  produced  in  the  bodies  of  plants  and  animals, 
and  their  properties  are  hereafter  considered  under  the 
division  of  Organic  Chemistry^  or  the  Chemistry  of  the 
Carbon  Compounds,  We  now  have  only  to  describe  some 
of  the  simplest  of  these  compounds. 


Methane^  Light  Carburetted  Hydrogen^  or  Marsh  Gas. 

Symbol  CH4,  Molecular  Weight  15*97,  Density  7*98. — 
This  is  a  colourless,  tasteless,  inodorous  gas,  capable  of  lique- 
faction under  very  great  pressure  and  at  very  low  tempera- 
tures. It  is  found  in  coal  mines,  and  known  under  the  name 
oi fire-damp  ;  it  also  occurs  in  stagnant  pools,  being  produced 
by  the  decomposition  of  dead  leaves — whence  the  name  marsh 

1  It  is  a  remarkable  fact  that  if  the  two  gases,  oxygen  and  carbon  monoxide,  be 
perfectly  dry,  the  passage  of  an  electric  spark  fails  to  bring  about  combination, 
whereas  if  the  slightest  trace  of  moisture  be  present,  an  explosion  at  once  occurs. 
The  same  is  true  for  a  mixture  of  hydrogen  and  oxygen,  and  other  mixtures  of 
gases. 
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gas ;  it  is  one  of  the  constituents  of  coal  gas,  &c.,  and  is 
evolved  in  many  volcanic  districts.  Marsh  gas  may  also  be 
artificially  prepared  by  heating  sodium  acetate  (see  p.  338) 
with  caustic  soda,  thus  : 

NaCjHgOj  +  NaOH  =  NaaCOj  +  CH4. 
Sodium  acetate  and  caustic  soda  give  sodium  carbonate  and  marsh  gas. 

It  cannot  be  obtained  by  tRe  direct  union  of  its  elements, 
but  is  formed  when  a  mixture  of  the  vapour  of  carbon 
disulphide  and  sulphuretted  hydrogen  gas  is  passed  over 
red-hot  metallic  copper,  thus  : 

8Cu  +  CSj  +  2H2S  =  CH4  +  4CujS. 

Marsh  gas  bums  with  a  bluish-yellow  non-luminous  flame, 
forming  carbon  dioxide  and  water;  with  a  limited  supply 
of  air  it  yields  several  products,  amongst  which  is  acetylene^ 
C2H2.  If  mixed  with  ten  times  its  volume  of  air,  or  twice  its 
volume  of  oxygen,  it  ignites  on  the  application  of  a  light, 
with  a  violent  explosion,  and  hence  the  great  damage  pro- 
duced by  the  sudden  escape  of  large  volumes  of  this  gas  in 
coal  mines.  The  composition  of  marsh  gas  is  ascertained 
by  exploding  it  with  oxygen  in  the  eudiometer.  One  volume 
of  this  gas  and  3  volumes  of  oxygen  yield  2  volumes  after 
passage  of  the  spark.  On  absorbing  by  potash  the  carbon 
dioxide  produced,  i  volume  of  oxygen  is  found  to  remain. 
Hence  of  the  2  volumes  of  oxygen  needed  to  bum  the  i 
volume  of  marsh  gas,  i  has  gone  to  unite  with  the  carbon, 
and  I  to  form  water  with  the  hydrogen.  It  is  thus  seen  that 
2  volumes  of  marsh  gas  contain  4  volumes  of  hydrogen 
weighing  4  (as  water  contains  2  volumes  of  hydrogen  and 
I  of  oxygen),  and  as  much  carbon  as  is  contained  in  2 
volumes  of  carbon  dioxide,  viz.  1 1  "97  parts  by  weight ;  and 
hence  the  molecular  formula  CH^  is  given  to  this  gas. 


Acetylene^  or  E thine. 

Symbol  C2H2,  Molecular  Weight  25*94,  Density  12*97. — 
This  gas  is  formed  by  the  direct  union  of  carbon  and 
hydrogen  at  a  very  high  temperature.  For  this  purpose  the 
carbon  terminals  of  a  powerful  galvanic  battery  are  brought 
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together  in  an  atmosphere  of  hydrogen.  At  the  high  tem- 
perature thus  evolved,  a  direct  union  of  carbon  and  hydrogen 
takes  place,  and  acetylene  is  formed.  Acetylene  is  a  colour- 
less gas,  which  bums  with  a  bright  luminous  flame  and 
possesses  a  disagreeable  and  every  peculiar  odour  :  it  is  pro- 
duced in  all  cases  of  incomplete  combustion,  and  its  smell 
may  be  noticed  when  a  candle  bums  with  a  smoky  flame. 
Acetylene  combines  with  certain  metals,  such  as  copper  and 
silver,  and  the  compounds  thus  formed  are  distinguished  by 
the  ease  with  which  they  undergo  explosive  decomposition. 
This  gas  likewise  unites  directly  with  hydrogen,  forming  the 
next  substance,  ethylene,  thus  : 

When  subjected  to  a  pressure  of  22  atmospheres  at  o** 
acetylene  is  condensed  to  a  colourless  mobile  liquid  lighter 
than  water. 

Ethylene^  or  Olefiant  Gas, 

Symbol  Q^^^  Molecular  Weight  27*94,  Density  13*97. — 
This  gas  is  also  obtained  on  the  destructive  distillation  of 
coal,  and  is  an  important  constituent  of  coal  gas.  It  is 
obtained  in  the  pure  state  by  heating  i  part  of  alcohol  (spirits 
of  wine),  CgHgO,  with  5  or  6  parts  by  weight  of  strong 
sulphuric  acid  ;  as  in  the  formation  of  carbon  monoxide  from 
formic  acid,  so  in  this  case  the  elements  of  water  are  separated 
by  the  sulphuric  acid,  and*C2H4  is  evolved  as  a  gas.  This 
gas  is  colourless,  but  possesses  a  sweetish  taste  ;  by  exposure 
to  a  high  pressure  at  a  temperature  of  -  1 10°  it  has  been  con- 
densed to  a  colourless  liquid  which  does  not  solidify  at 
-  139°.  Hence  liquid  ethylene  remaining  transparent  during 
its  volatilization  has  an  advantage  over  liquid  carbon  dioxide 
or  liquid  nitrous  oxide,  and  is  now  employed  as  a  means  of 
condensing  the  other  less  easily  liquefiable  gases.  On 
bringing  this  gas  in  contact  with  a  flame  in  the  air,  it  burns 
with  a  luminous  smoky  flame  forming  carbon  dioxide  and 
water.  When  mixed  with  three  times  its  bulk  of  oxygen 
and  fired,  it  detonates  very  powerfully.  One  volume  of 
olefiant  gas  requires  3  volumes  of  oxygen  to  bum  it  com- 
pletely, and  yields  2  volumes  of  carbon  dioxide  ;  so  that  i 
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volume  of  oxygen  is  needed  to  combine  with  the  hydrogen. 
Hence  this  gas  contains  twice  as  much  carbon  as  marsh 
gas  with  the  same  quantity  of  hydrogen  ;  we  must  therefore 
write  its  molecular  formula  C2H4. 

defiant  gas  combines  directly  with  its  own  volume  of 
chlorine  gas,  forming  an  oily  liquid,  CgH^Cla ;  and  owing  to 
this  property  the  gas  has  received  the  above  name. 


COAL   GAS. 

The  gas  so  largely  used  for  illuminating  purposes,  and 
obtained  by  the  destructive  distillation  of  coal  \i.e,  by  heating 
the  coal  in  large  closed  retorts  so  as  to  decompose  or  destroy 
the  coal,  the  volatile  products  of  this  decomposition  being 
condensed  and  collected,)  is  not  a  simple  chemical  compound, 
but  a  mixture  of  varying  quantities  of  a  large  number  of 
distinct  substances.  In  order  to  prepare  coal  gas  of  good 
quality,  cannel  or  some  highly  bitumenized  coal  is  heated 
in  a  closed  retort :  volatile  bodies  are  thus  formed  and  ex- 
pelled, whilst  a  residue  of  (impure)  carbon  is  left  behind  as 
coke.  The  volatile  products  of  this  decomposition  may  be 
distinguished  as  tar,  ammonia- water,  and  gas.  The  tar  con- 
tains a  great  variety  of  substances,  from  some  of  which  the 
well-known  aniline  colours  are  produced  (see  Org,  Chem.)  ; 
and  the  ammonia  derived  from  the  nitrogen  in  the  coal  is 
our  chief  source  of  ammoniacal  salts  (see  p.  71).  The  gas 
which  comes  off  consists  of  a  mixture  of  various  substances, 
some  of  which  are  useful  for  illuminating  or  heating  purposes, 
whilst  some  are  hurtful  and  must  be  removed.  Amongst 
those  which  burn  with  a  luminous  flame  are  olefiant  gas  and 
other  hydrocarbons,  of  which  propylene,  CgHg,  and  benzene 
vapour,  CgHg,  are  the  most  important.  The  gases  which 
serve  to  dilute  these  luminous  hydrocarbons,  and  which 
burn  themselves  with  non-luminous  flames,  are  hydrogen, 
carbonic  oxide,  and  marsh  gas.  The  impurities  consist  of 
carbon  dioxide,  hydrogen  sulphide  (sulphuretted  hydrogen), 
and  the  vapour  of  carbon  di sulphide  ;  and  these  substances 
are  almost  always  completely  withdrawn  from  the  gas  by  a 
system  of  purification  before  it  is  sent  out  from  the  gasworks. 
The  relative  proportion  of  the  ingredients  present  in  coal  gas 
varies  greatly  according  to  the  kind  of  coal  employed,  and 
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according  to  the  heat  to  which  the  coal  is  subjected.  This  is 
seen  from  the  following  table,  in  which  the  composition  of  a 
gas  made  from  common  coal,  together  with  that  of  one  made 
from  cannel-coal,  is  given. 


Illumi- 
nating 
power; 

in 
Candles 

per  5 
cubic 
feet. 

Composition  in  100  Volumes. 

Hydro- 

Marsh 

Gas, 

CH4. 

Heavy 
Hydro- 
carbons, 
CnHjn. 

Equal  to 

Olefiant 

Gas, 

O2H4. 

Carbonic 

Oxide, 

CO. 

Nitrogen, 

Oxygen, 

and  ^ 

Carbonic 

Acid. 

Cannel  gas 
Coal  gas  .  . 

34*4 
130 

25-82 
47-60 

51-20 
41 '53 

13-06 
305 

(2208) 
(6-97) 

7-85 
7-82 

207 

The  value  of  coal  gas,  as  regards  its  illuminating  power,  is 
ascertained  by  comparing  the  light  given  off  by  the  gas  burn- 
ing at  a  certain  rate,  usually  5  cubic  feet  per  hour,  with  that 
of  a  sperm  candle  burning  120  grains  per  hour.  Thus  the 
cannel  gas  is  said  to  be  equal  to  34*4  candles,  and  the  coal 
gas  to  be  equal  to  1 3  candles. 

Another  kind  of  gas  now  largely  used,  especially  in  the 
United  States,  is  known  as  water-gas^  and  is  prepared  by 
passing  steam  over  red-hot  coke : 

C  +  HjO  =  CO  +  Hj. 

It  consists  chiefly  of  hydrogen  and  carbon  monoxide, 
together  with  some  carbon  dioxide,  and  bums  with  a  pale, 
non-luminous,  very  hot  flame,  and  is  therefore  employed 
largely  for  steel-melting,  &c.  To  use  it  as  an  illuminating 
agent,  a  comb  of  magnesia  or  other  refractory  substance  is 
introduced  into  the  flame,  being  thus  intensely  heated  and 
emitting  a  powerful  light. 


STRUCTURE  OF  FLAME. 


It  will  be  convenient  here  to  mention  the  nature  and 
structure  of  flame,  and  the  principle  of  the  Davy  lamp. 
Flame  consists  of  gas  in  a  high  state  of  ignition.  When  a  jet 
of  burning  hydrogen  is  plunged  into  oxygen,  the  flame  of 
hydrogen  in  oxygen  is  seen.     This  is  caused  by  the  ignition 
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of  the  particles  of  hydrogen  and  oxygen,  owing  to  the  heat 
evolved  in  their  combination.    A  similar  flame  of  oxygen  in 
hydrogen  is  seen  when  a  jet  of  the  former  gas  is  lit  in  an 
atmosphere  of  hydrogen.     The  temperatures  of  flames  differ 
as  much  as  their  illuminating  powers,  and  the  hottest  flames 
do  not  necessarily  give  off  much  light :  thus  the  oxyhydrogen 
flame,  which  is  so  hot  as  to  bum  iron  or  steel  wire  like  tinder, 
can  scarcely  be  seen  in  bright  daylight.     In  order  that  a  flame 
shall  g^ve  off  much  light,  it  must  contain  solid  matter,  which 
becomes  heated  up  to  whiteness.     If  a  piece  of  lime  be  held 
in  the  oxyhydrogen  flame,  it  becomes  strongly  heated^  and 
gives  off  an  intense  light :  so  also  if  we  bring  solid  matter, 
such  as  powdered  charcoal,  into  the  colourless  flame  of 
hydrogen,  it  becomes  luminous.   The  dif- 
ference between  the  non-luminous  flame 
of  marsh  gas  and  the  luminous  flame  of 
oleflant  gas  is  due  to  the  fact,  that  in 
the  latter  carbon  is  separated  out  in  the 
solid  form,  whereas  in  the  former  all  the 
carbon  is  at  once  burnt  to  carbonic  acid. 
The  flame  of  a  candle  consists  of  three 
distinct  parts — (i),  the  dark  central  zone 
or  supply  of  unbumt  gas  surrounding  the 
wick  ;  (2),  the  luminous  zone  or  area  of 
incomplete  combustion  ;  and  (3),  the  non- 
luminous  zone  or  area  of  complete  com- 
bustion.    If  we  bring  one  end  of  a  small 
bent  piece  of  glass  tubing  (Fig.  31)  into 
the  dark  central  zone  (i),  the  unbumt  gases  will  pass  up 
the  tube,  and  may  be  ignited  at  the  other  end,  where  they 
escape  into  the  air.     In  the  luminous  part  of  the  flame  the 
gases  are  not  completely  burnt,  and  carbon  is  separated  out 
in  the  solid  state  ;  and  it  is  to  the  presence  of  this  carbon 
that  the  flame  owes  its  luminous  power.     In  the  outer  zone 
the  supply  of  oxygen  is  greater,  all  the  carbon  is  at  once 
burnt  to  carbon  dioxide,  and  the  flame  here  becomes  non- 
luminous.^ 

The  effect  of  allowing  a  complete  combustion  to  proceed 
at  once  throughout  the  flame  is  well  seen  in  the  small  Bunsen 

1  The  optical  difference  between  these  two  classes  of  flame  is  pointed  out  in  the 
paragraph  on  Spectrum  Analysis  (see  p.  a66X 


Fig.  31. 
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gas-lamp,  now  universally  employed  in  laboratories.  In  this 
lamp  (Fig.  32)  the  coal  gas  issues  from  a  small  central  burner 
(a)y  and  passing  unbumt  up  the  tube  {e)  draws  air  up  with  it 
through  the  holes  (d) ;  the  mixture  of  air  and  gas  thus  made 
can  be  lighted  at  the  top  of  the  tube,  where  it  bums  with 
a  non-luminous,  perfectly  smokeless  flame :  if  the  holes  (d)  be 
closed,  the  gas  alone  bums  with  the  ordinary  bright  smoky 
flame.  The  blowpipe  flame  (Fig.  33)  may  also  be  divided 
into  two  distinct  parts— the  oxidizing  flame  (a),  where  there 
is  excess  of  oxygen,  and  the  reducing  flame  (d),  where  there  is 
excess  of  carbon ;  and  these  are  distinguished  by  the  same 
properties  as  the  outer  and  inner  mantle  of  the  candle  flame. 
Every  mixture  of  gases  requires  a  certain  temperature  to  in- 
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Fig.  33. 


flame  it ;  and  if  this  temperature  be  not  reached,  the  mixture 
does  not  take  fire ;  we  may  thus  cool  down  a  flame  so  much 
that  it  goes  out,  by  placing  over  it  a  small  coil  of  cold  copper 
wire :  whereas,  if  the  coil  be  previously  heated,  the  flame  will 
continue  to  burn.  The  same  fact  is  well  shown  with  a  piece 
of  wire  gauze  containing  about  700  meshes  to  the  square 
inch  :  if  this  be  held  close  over  a  jet  of  gas,  and  the  gas  lit, 
it  is  possible  to  remove  the  gauze  several  inches  above  the 
jet,  and  yet  the  inflammable  gas  below  does  not  take  fire,  the 
flame  burning  only  above  the  gauze  (Fig.  34).  The  metallic 
wires  in  this  case  so  quickly  conduct  away  the  heat  that  the 
temperature  of  the  gas  at  the  lower  side  of  the  gauze  cannot 
rise  to  the  point  of  ignition.    This  simple  principle  was  made 
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use  of  by  Sir  Humphry  Davy  in  his  safety-lamp  for  coal 
mines.  It  consists  of  an  oil  lamp  (Fig.  35),  the  top  of  which 
is  inclosed  in  a  covering  of  wire  gauze ;  the  air  can  enter 
through  the  meshes  of  the  gauze,  and  the  products  of  com- 
bustion of  the  oil  can  escape,  but  no  flame  can  pass  from  the 
inside  to  the  outside  of  the  gauze  ;  and  hence,  even  if  the 
lamp  be  placed  in  a  most  inflammable  mixture  of  fire-damp 
and  air,  no  ignition  is  possible,  although  the  combustible  gas 
may  take  fire  and  bum  inside  the  gauze.  It  is,  however,  then 
advisable  that  the  miner  should  withdraw,  to  avoid  risk  of 
explosion  of  the  gas  from  the  gauze  thus  becoming  overheated 
and  inflaming  the  fire-damp  which  surrounds  it. 


Fig.  34. 


Fig.  35. 


The  compounds  of  carbon  being  generally  of  a  more 
complicated  nature  than  the  preceding  ones,  will  be 
more  completely  considered  under  the  head  of  Organic 
Chemistry. 

CARBON   AND   NITROGEN. 

Cyanogen  Compounds, — Carbon  and  nitrogen  do  not  unite 
together  directly,  but  if  nitrogen  gas  be  passed  over  a 
white-hot  mixture  of  charcoal  and  potassium  carbonate,  a 
remarkable  compound  termed  potassium  cyanide,  KCN,  is 
formed,  thus : 

KjCO,  +  Nj  +  4C  =  2KCN  +  3CO. 
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From  this  substance  a  large  number  of  bodies  can  be  pre- 
pared, all  of  which  contain  the  group  of  atoms  CN,  and 
possess  characteristic  and  peculiar  properties  :  to  this  group 
the  name  Cyanogen  is  given,  from  its  forming  a  number  of 
blue  compounds  (kvopos  blue,  and  yfwdta  I  produce).  Cyano- 
gen combines  with  metals  to  form  cyanides^  and  in  this  re- 
spect resembles  chlorine  ;  and  it  belongs  to  a  class  of  bodies 
termed  compound  radicals^  of  which  we  shall  have  to  speak 
hereafter. 

Cyanogen  compounds  are  prepared  on  a  large  scale  for 
various  purposes  by  heating  nitrogenous  organic  matter,  such 
as  clippings  of  hides,  hoofs,  &c.,  with  iron  and  potashes  ;  a 
double  cyanide  containing  iron  and  potassium,  called  potas- 
sium ferrocyanide,  or  yellow  prussiate  of  potash  (see  Organic 
Chemistry,  p.  303)  is  formed. 

The  most  important  compound  formed  by  cyanogen  is  one 
with  hydrogen  (analogous  in  composition  to  hydrochloric 
acid,HCl),  and  called  hydrocyanic  acidy  or  comxaovly  frussic 
acidy  HCN.  This  substance  is  prepared  by  acting  on  potas- 
sium cyanide  with  dilute  sulphuric  acid  in  a  retort.  Hydro- 
cyanic acid  mixed  with  water  distils  over,  leaving  potassium 
sulphate  in  the  retort. 

If  the  aqueous  distillate  be  shaken  up  with  mercuric  oxide, 
the  hydrogen  of  the  hydrocyanic  acid  is  replaced  by  mercury, 
and  mercuric  cyanide,  Hg  (CN)2,  is  formed,  which  may  be 
obtained  by  evaporation  in  the  form  of  white  crystals. 

Hydrocyanic  acid  is  prepared  pure  and  free  from  water  by 
passing  sulphuretted  hydrogen  gas,  HgS,  over  dry  mercuric 
cyanide,  hydrocyanic  acid  and  mercuric  sulphide  being 
formed,  thus  : 

Hg(CN)j  4-  HjS  =  2HCN  +  HgS. 

Mercuric  cyanide  and  sulphuretted  hydrogen  yield  hydrocyanic  acid  and 

mercuric  sulphide. 

Hydrocyanic  acid  thus  prepared  is  a  volatile  liquid,  boil- 
ing at  26°*5,  and  solidifying  at  — 15°  ;  it  is  one  of  the  most 
poisonous  substances  known,  a  single  drop  of  the  pure  acid 
being  sufficient  to  produce  fatal  results  :  much  care  must 
therefore  be  taken  in  its  preparation  not  to  inhale  the  vapour, 
which,  even  in  small  quantity,  may  produce  death.  It 
possesses  a  peculiar  and  characteristic  smell  of  bitter  almonds, 
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and  occurs  in  small  quantities  in  the  kernels  and  leaves  of 

many  plants. 

CN  "i 
Cyanogen  GaSy  or  Dicyanogen,  pja  r ,  can  be  easily  obtained 

as  a  colourless  gas  by  heating  mercuric  cyanide.  It  is  best 
collected  over  mercury,  as  it  is  soluble  in  water.  It  con- 
denses to  a  colourless  liquid  when  exposed  to  a  pressure  of 
about  four  atmospheres ;  it  is  inflammable,  and  bums  with 
a  beautiful  purple  flame,  forming  carbon  dioxide,  COj,  and 
free  nitrogen. 

Cyanogen  forms  a  large  number  of  compounds,  some  of 
them  of  a  very  complicated  constitution  and  connected 
with  other  carbon  compoimds,  together  with  which  they 
will  be  considered. 


LESSON  X. 

We  now  pass  to  the  consideration  of  a  group  of  elements 
which  resemble  each  other  closely,  and  possess  strongly- 
marked  and  active  properties :  viz.  Chlorine,  Bromine^ 
Iodine  and  Fluorine, 

CHLORINE. 

Symbol  CI,  Atomic  Weight  35*37,  Density  35*37. — Chlorine 
was  discovered  in  the  year  1774  by  Scheele  ;  it  does  not  occur 
free  in  nature,  but  can  easily  be  prepared  from  its  compounds. 
It  is  found  combined  with  metals  forming  chlorides  ;  of 
these  sodium  chloride,  sea-  or  rock-salt,  is  the  most  common  : 
to  obtain  chlorine  from  this,  it  must  be  heated  with  sulphuric 
acid  and  manganese  dioxide,  thus  : 

4NaCl  +  3H2SO4  +  MnOa  =  Clg  +  2NaHS04  +  NajS04  + 

MnClg  +  2H2O. 

If  II  parts  by  weight  of  salt  to  5  parts  of  manganese 
dioxide  be  mixed  with  14  parts  of  sulphuric  acid  diluted 
with  an  equal  volume  of  water,  and  the  mixture  brought  into 
a  large  flask,  the  chlorine  gas  is  given  off  regularly  u^on 


98  ELEMENTARY  CHEMISTRY  lesson 

the  application  of  a  very  slight  heat :  in  order  to  obtain  the 
gas  pure,  it  may  be  passed  through  the  water  contained  in  a 
wash-bottle  before  it  is  collected  for  use.  Chlorine  may 
also  be  readily  prepared  from  granulated  manganese  di- 
oxide and  hydrochloric  acid.  The  following  reaction  first 
takes  place : 

MnOj  +  4HCI  =  MnCU  +  2H2O. 

On  heating  the  manganese  tetrachloride  it  splits  up  into 
manganese  dichloride  and  chlorine  : 

MnCl4  =  MnClo  +  CI,. 

Chlorine  is  a  greenish-yellow  gas,  whence  its  name  (x^apos), 
possessing  a  most  disagreeable  and  peculiar  smell,  which, 
when  the  gas  is  present  in  small  traces  only,  resembles  that 
of  seaweed,  but  when  present  in  large  quantities  acts  as  a 
violent  irritant,  producing  inflammation  of  the  mucous  mem- 
brane, and  even  causing  death  when  inhaled.  Chlorine  gas 
when  submitted  to  a  pressure  of  six  atmospheres  at  the 
ordinary  temperature  is  condensed  to  a  heavy  yellow  liquid, 
and  this  solidifies  at  —102°  to  a  yellow  crystalline  mass. 
This  gas  cannot  be  collected  over  water  or  mercury,  as  it  is 
soluble  in  the  former  (i  volume  of  water  dissolving  2*37 
volumes  of  chlorine  at  15"),  and  combines  directly  with  the 
latter  forming  mercuric  chloride.  It  can,  however,  be  easily 
collected  by  downward  displacement,  as  it  is  2*45  times 
as  heavy  as  air.  Many  elements  in  a  finely  divided  state 
when  brought  into  chlorine  gas,  take  fire  spontaneously, 
forming  metallic  chlorides ;  thus  phosphorus,  powdered 
arsenic,  antimony,  or  thin  cppper  leaf,  burn  when  thrown 
into  the  gas.  The  density  of  chlorine  remains  constant 
when  the  gas  is  heated  to  1300°. 

Chlorine  is  not  combustible,  and  its  most  remarkable  pro- 
perty is  its  power  of  combining  with  hydrogen  to  form  hydro- 
chloric acid  :  when  equal  volumes  of  these  two  gases  are 
mixed  together,  they  combine  with  explosion  on  bringing  a 
flame  into  contact  with  them,  or  on  exposing  the  mixture  to 
sunlight.  Chlorine  is  even  able  to  decompose  water  in  the 
sunlight,  combining  with  the  hydrogen  and  liberating  the 
oxygen.  Several  experiments  illustrative  of  this  property  of 
Chlprine  may  be  mentioned.     If  a  burning  candle  be  plunged 
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into  this  gas,  the  taper  continues  to  burn,  but  with  a  very 
smoky  flame,  the  hydrogen  of  the  wax  alone  entering  into 
combination  with  the  chlorine,  whilst  the  carbon  is  given  off 
as  smoke  or  soot :  the  same  effect  is  produced  when  a  paper 
moistened  with  turpentine  (a  compound  of  carbon  and  hydro- 
gen) is  held  in  a  jar  of  chlorine  gas ;  the  hydrogen  of  the 
turpentine  at  once  combines  with  the  chlorine,  forming 
hydrochloric  acid,  and  the  carbon  is  liberated  ;  so  much 
heat  is  given  off  by  this  action  that  the  turpentine  frequently 
takes  fire. 

The  well-known  bleaching  action  of  chlorine  also  depends 
upon  its  power  of  combining  with  the  hydrogen  of  water  and 
liberating  the  oxygen  : 

Clj  +  HjO  =  2HCI  +  O. 

Dry  chlorine  gas  does  not  bleach  ;  we  may  inclose  a  piece  of 
cotton  cloth  or  paper  coloured  by  a  vegetable  substance,  such 
as  madder  or  indigo,  in  a  bottle  of  dry  chlorine,  and  no  change 
of  colour  takes  place,  even  after  the  lapse  of  many  weeks  : 
if,  however,  a  few  drops  of  water  be  added,  the  colouring 
matter  is  immediately  destroyed,  and  the  cotton  or  paper  is 
bleached.  Here  the  chlorine  combines  with  the  hydrogen  of 
the  water,  and  the  oxygen  at  the  moment  of  its  liberation 
(when  it  is  said  to  be  nascent)  combines  with  the  vegetable 
colouring  matters,  forming  compounds  destitute  of  colour. 
Ordinary  free  oxygen  has  not  this  power — not  at  least  to  any 
great  extent ;  and  it  is  a  frequent  observation  that  bodies  in 
this  nascent  state  have  more  active  properties  than  the  same 
bodies  when  in  the  free  state.  This  difference  depends  upon 
the  fact  that  the  molecules,  or  smallest  particles  of  an  element 
which  can  exist  in  the  free  state,  do  not  consist  of  the 
individual  atoms,  but  of  groups  of  atoms.  The  molecule  of 
a  compound  body  contains  two  or  more  dissimilar  atoms, 
whilst  that  of  an  element  contains  similar  atoms.  Equal 
volumes  of  all  bodies  simple  or  compound^  in  the  gaseous 
state,  contain  the  same  number  of  molecules.     Thus,  free 

r  o  r  H  r  CI 

oxygen  is  -j  q  ;  free  hydrogen  •!  tt  ;  free   chlorine  \  p,  :  simi- 

Pj^.     Now,  the  moment  an  element 

is  liberated  from  a  compound,  the  single  atoms  unite 
together  to  form  a  molecule,  and  the  elementary  body  makes 

U  2 
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its  appearance  in  the  free  state  :  if,  however,  substances  are 
present  on  which  the  element  can  act  chemically,  they  are 
decomposed  by  the  chemical  attractions  of  the  liberated 
atoms,  these  being  more  active  in  that  state  than  when  united 
to  form  a  molecule. 

Although,  as  above  stated,  chlorine  acts  upon  water  with 
formation  of  hydrochloric  acid  and  oxygen,  the  reverse 
reaction  may  be  made  to  take  place  under  certain  conditions. 
Thus  when  hydrochloric  acid  gas  is  mixed  with  oxygen  or  air 
and  passed  over  bricks  saturated  with  copper  sulphate,  large 
quantities  of  chlorine  are  formed,  and  the  gas  is  now  prepared 
on  the  large  scale  by  this  means,  the  method  being  known  as 
"Deacon's  process.*'  The  copper  sulphate  undergoes  no 
change,  and  acts  for  an  indefinite  length  of  time. 

Chlorine  is  unable  to  bleach  mineral  colours :  the  difference 
between  printer's  ink,  coloured  by  lampblack  or  carbon,  and 
writing  ink,  a  vegetable  black,  is  well  illustrated  by  placing  a 
sheet  of  paper  having  characters  written  and  printed  upon  it 
in  a  solution  of  chlorine  in  water. 

Chlorine  gas  is  largely  used  for  bleaching  purposes  in  the 
cotton,  linen,  and  paper  manufactures.  It  is  sometimes  used 
in  the  form  of  a  gas,  but  more  usually  in  combination  with 
calcium  and  oxygen,  forming  the  article  called  chloride  of 
lime,  or  bleaching  powder  (p.  105).  Chlorine  is  also  largely 
employed  as  a  disinfectant  and  deodorant,  its  action  on 
organic  putrefactive  substances  being  similar  to  that  upon 
organic  colouring  matters. 

CHLORINE  AND  HYDROGEN. 

Hydrochloric  Actd^  or  Hydrogen  Chloride. 

Symbol  HCl,  Molecular  Weight  jfy-yj^  Density  iS'iS.— 
This  substance,  the  only  known  compound  of  chlorine  and 
hydrogen,  is  obtained  when  equal  volumes  of  chlorine  and 
hydrogen  are  mixed  and  exposed  to  the  diffused  light  of  day  ; 
the  gases  then  combine,  and  form  an  equal  volume  of 
hydrochloric  acid  gas.  If  the  light  be  strong,  this  combina- 
tion takes  place  so  rapidly  that  a  violent  explosion  occurs, 
owing  to  the  sudden  disengagement  of  heat  consequent  upon 
the  combination.     The  volume  of  hydrochloric  acid  formed 
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is,  as  already  stated,  equal  to  that  of  the  chlorine  and 
hydrogen  ;  one  molecule  of  hydrogen  and  one  molecule  of 
chlorine  gives  two  molecules  of  hydrochloric  acid,  thus  : 


HI        Cl\   _H1         H\ 
H/  +  CI/  ~  CI/   +  CI/- 


Hydrochloric  acid  is,  however,  usually  prepared  by 
heating  common  salt  (sodium  chloride)  and  sulphuric  acid 
in  a  flask,  as  seen  in  Fig.  36.  The  gas  is  first  purified  by 
passing  through  a  wash-bottle  containing  a  little  water,  and 


then  is  either  collected  by  displacement  (if  thegasisrequired) 
or  passed  into  water  (as  represented  in  the  figure)  if  an 
aqueous  solution  of  the  acid  is  needed. 

NaCl  +  H^O,  -  HCl  +  NaHSO,. 

Sodium  chloride  and  inLphuric  acid  give  hydrochloric  acid  and  hydrogen  sodium 

mlphole. 

Hydrochloric  acid  is  a  colourless  gas,  J  '269  times  heavier 
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than  air  ;  it  fumes  strongly  in  damp  air,  combining'  with  the 
moisture,  and  has  a  strongly  acid  reaction.  It  is  very  soluble 
in  water,  one  volume  of  this  liquid  at  15°  dissolving  454 
volumes  of  the  gas :  this  colourless  or  yellowish  solution  is  the 
ordinary  hydrochloric  or  muriatic  acid  of  the  shops.  Undera 
pressure  of  40  atmospheres  the  gas  forms  a.  limpid  liquid  which 
solidifies  when  cooled  to  —  1 16°.  The  gas  can  be  collected 
over  mercury,  and  its  solubility  in  water  strikingly  shown  by 
allowing  a  few  drops  of  water  to  ascend  to  the  surface  (rf 
the  mercury  in  contact  with  the  gas :  a  rapid  rise  of  the 
mercury  in  the  jar  immediately  occurs.  A  saturated  solution 
of  hydrochloric  acid  in  water  has  the  specific  gravity  of 


I'2I  i  it  fumes  strongly  in  the  air,  and,  when  heated  in  a 
retort,  loses  at  first  hydrochloric  acid  gas,  but  after  a  time  an 
aqueous  acid  distils  over  at  ordinary  atmospheric  pressure, 
containing  20'22  per  cent,  of  HCl,  and  boiling  constantly  at 
110°.  If  the  distillation  be  conducted  under  a  diminished 
pressure,  the  acid  boils  constantly  at  a  lower  temperature, 
and  attains  a  composition  which  is  different  for  each  boiling 
point ;  hence  the  constant  acids  thus  obtained  by  boiling  the 
solution  of  hydrochloric  add  gas  iri  water  cannot  be  con- 
sidered as  definite  compounds  of  HCl  and  water.  This  fact 
holds  good  for  many  other  aqueous  solutions  of  acids,  &c. ; 
viz.  that  residues  constantly  boiling  at  the  same  temperature, 
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and  having  constant  compositions,  are  obtained  on  distilla- 
tion, the  composition  and  boiling  point  varying  however, 
with  the  pressure  under  which  the  distillation  has  been 
conducted. 

Enormous  quantities  of  hydrogen  chloride  (commonly 
called  muriatic  acid,  from  muria  brine)  are  obtained  as  a  by- 
product in  the  manufacture  of  sodium  carbonate  (see  p.  194). 
More  than  1,000  tons  of  this  acid  are  made  every  week  in 
the  South  Lancashire  district  alone.  The  acid  thus  produced 
is,  however,  not  pure,  having  a  yellow  colour,  and  con- 
taining in  small  quantities  iron,  arsenic,  organic  matter,  and 
sulphuric  acid  in  solution. 

Composition  of  Hydrochloric  Acid, — The  arrangement 
represented  in  Fig.  37  is  adapted  to  show  that,  when  gaseous 
hydrochloric  acid  is  passed  over  heated  manganese  dioxide, 
water  and  chlorine  gas  are  formed,  thus  : 

4HCI  +  MnOa  =  CI2  +  2H2O  +  MnCl,. 

If  the  gas  is  allowed  to  pass  over  the  oxide  contained  in 
the  first  bulb  before  it  is  heated,  no  formation  of  water  is 
noticed,  and  the  red  litmus-paper  in  the  bottle  remains 
coloured  ;  as  soon  as  the  oxide  is  heated,  moisture  is  at  once 
seen  to  be  deposited  in  the  second  bulb,  and  the  paper 
becomes  bleached,  showing  the  presence  of  chlorine. 

The  exact  composition  of  hydrogen  chloride  is  best  deter- 
mined by  decomposing  the  aqueous  acid  in  the  dark  by  means 
of  a  current  of  voltaic  electricity,  by  an  arrangement  similar 
to  that  shown  in  Fig.  1 3,  but  in  which  the  platinum  electrodes 
are  replaced  by  carbon  ;  the  gases  (hydrogen  and  chlorine) 
evolved  are  collected  in  a  long  tube,  after  allowing  the  de- 
composition to  go  on  for  some  time.  If  the  tube  thus  filled 
be  opened  in  the  dark  under  a  solution  of  potassium  iodide, 
the  solution  will  rise  in  the  tube,  the  iodine  being  liberated, 
the  chlorine  combining  with  the  potassium,  until  exactly 
half  the  tube  is  filled  with  liquid  ;  the  remaining  gas  is  found 
to  consist  of  hydrogen.  If  the  mixture  of  electrolytic  gases, 
which  can  with  care  be  sealed  up  in  a  strong  tube  having  very 
finely  drawn-out  ends,  be  exposed  to  the  action  of  daylight, 
or  of  a  bright  artificial  light,  such  as  that  of  burning 
magnesium  wire,  immediate  combination  of  the  two  gases 
will  ensue,  and  on  opening  one  of  the  ends  under  water  this 
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liquid  will  completely  fill  the  whole  of  the  tube,  showing  that 
the  component  gases  were  present  in  exactly  the  proportion 
needed  to  form  hydrochloric  acid  gas,  which  dissolves  in  the 
water. 

Tests  for  Hydrochloric  Acid. — The  presence  of  hydro- 
chloric acid  is  detected  by  the  fact  that  it  g^ves  a  white 
precipitate  with  silver  nitrate,  soluble  in  ammonia  but  insoluble 
in  nitric  acid,  and  by  the  fact  that  on  heating  with  manganese 
dioxide  and  sulphuric  acid  it  gives  off  chlorine,  recognized  by 
its  bleaching  action  and  unpleasant  smell. 

NitrO'hydrochloric  Acid,  or  Aqua  Regia. 

Certain  metals,  such  as  gold  and  platinum,  and  many 
metallic  compounds,  such  as  certain  sulphides,  which  do  not 
dissolve  in  either  nitric  or  hydrochloric  acid  separately,  are 
readily  soluble  in  a  mixture  of  both  of  these  acids,  especially 
upon  warming.  This  mixture  has  been  termed  aqua  regia 
(because  it  dissolves  gold,  rex  metallorufn) ;  its  solvent 
action  depends  upon  the  fact  that  it  contains  free  chlorine, 
liberated  by  the  oxidizing  action  of  nitric  acid  on  the 
hydrogen  of  the  hydrochloric  acid.  The  metals  combine 
directly  with  this  free  chlorine  to  form  soluble  chlorides,  and 
the  sulphides  are  decomposed  by  it.  The  nitric  acid  is 
reduced  to  nitrogen  dioxide,  and  this  combines  with  a  portion 
of  the  chlorine  to  form  the  compound  NO  CI,  which  is 
liberated  as  a  yellowish  gas,  condensing  to  a  dark  yellow, 
very  volatile  liquid  when  it  is  led  into  a  freezing  mixture. 
The  same  compound  is  formed  by  direct  combination  when 
the  two  gases,  nitrogen  dioxide  and  chlorine,  are  mixed 
together. 

COMPOUNDS  OF  CHLORINE  AND  OXYGEN. 

Chlorine  and  oxygen  do  not  unite  directly,  but  they  may 
indirectly  be  made  to  form  two  oxides,  viz.  chlorine  mon- 
oxide, ClgO,  and  chlorine  peroxide,  C102,^  whilst  chlorine, 
oxygen  and  hydrogen  unite  in  four  proportions,  giving  rise  to 
the  following  oxyacids  of  chlorine  : 

1  An  oxide  of  the  formula  CI2O3  was  formerly  supposed  to  exist,  but  has 
recently  been  shown  to  consist  of  a  mixture  of  the  other  two. 
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Hypocklorous  Acid,  ox  Hydrogen  Hypochlorite^  HCIO. 
Chlorous  Acid,  or  Hydrogen  Chlorite,  HCIO2. 
Chloric  Acid,  or  Hydrogen  Chlorate,  HCIO3, 
Perchloric  Acid,  or  Hydrogen  Perchlorate,  HCIO4. 


Chlorine  Monoxide. 

Symbol  ClgO,  Molecular  Weight  867,  Density  43*35-— 
Chlorine  monoxide  is  obtained  by  the  action  of  chlorine  upon 
mercuric  oxide — the  chlorine  combining  not  only  with  the 
metal,  but  also  with  the  oxygen,  thus  : 

HgO  +  2CI,  =  CljO  +  HgClj. 

Mercuric  oxide  and  chlorine  give  chlorine  monoxide  and  merctiric  chloride. 

It  is  a  yellowish  gas,  which  may  be  condensed  by  means 
of  a  freezing  mixture  to  a  red  liquid,  which  is  very  explosive, 
decomposing  very  suddenly  into  chlorine  and  oxygen  gases. 

It  is  very  soluble  in  water,  yielding  a  yellow  solution, 
which  bleaches  powerfully,  and  destroys  vegetable  colouring 
matter  more  rapidly  than  chlorine,  inasmuch  as  twice  as 
much  oxygen  is  liberated  from  one  molecule  of  chlorine 
monoxide  as  from  one  molecule  of  chlorine,  thus  : 


Cl\ 
CI 


^}J0+H|0  =  2H|     4-0, 

If  a  current  of  chlorine  g^s  be  led  into  a  dilute  and  cold 
solution  of  caustic  soda,  a  mixture  is  formed  of  sodium 
chloride  and  a  compound  having  the  formula  NaClO,  known 
as  sodium  hypochlorite,  thus  : 

2NaH0  +  Cla  =  NaClO  +  NaCl  +  HjO. 

Blecuhing' Powder, — If  slaked  lime  is  employed  instead  of 
caustic  soda,  the  chlorine  is  rapidly  absorbed,  and  the  sub- 
stance well  known  as  bleaching  powder  (or  chloride  of  lime) 
is  formed. 

Bleaching-powder  is  a  compound  which  on  treatment  with 
water  forms  a  mixture  of  calcium  hypochlorite  and  calcium 
chloride :  it  is  used  in  enormous  quantities  for  bleaching 
purposes,  and  is  prepared  on  the  large  scale  by  passing 
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chlorine  gas,  generated  from  manganese  dioxide  and  hydro- 
chloric acid  in  large  stone  tanks,  or  by  Deacon's  process 
(p.  loo)  into  spacious  chambers,  on  the  floors  of  which  a  layer 
of  slaked  lime  two  inches  thick  is  laid  :  the  gas  is  all  absorbed, 
and  bleaching-powder  formed.  The  reaction  may  be  thus 
explained : 

2CaHaO,  +  2Cla  =  aHjO  +  CaCl,  +  CaCl,0^ 
Slaked  lime  and  chlorine  give  water,  calcium  chloride  and  calcium  hypochlorite. 

Hypochlorous  Acidy  or  Hydrogen  Hypochlorite, 

Symbol  HCIO.  If  a  solution  of  a  hypochlorite  be  mixed 
with  dilute  nitric  acid  and  distilled,  a  solution  of  hypo- 
chlorous  acid  comes  over.  It  is  a  colourless  liquid,  possess- 
ing a  peculiar  smell  and  powerful  bleaching  properties. 

NaOCl  +  HNOs  =  NaNOj  +  HCIO. 
Sodium  hypochlorite  and  nitric  acid  g^ve  sodium  nitrate  and  hypoohlorous  acid. 

Hypochlorous  acid  stands  therefore  in  the  same  relation  to 
chlorine  monoxide  as  nitric  acid  to  nitrogen  pentoxide,  or  as 
carbonic  acid  to  carbon  dioxide.  Hydrochloric  acid  de- 
composes hypochlorous  acid  with  the  evolution  of  chlorine, 
thus  : 

c>-c".}=g}o-H^li. 

Hence  neither  this  acid  nor  sulphuric  acid,  which  liberates 
hydrochloric  acid  from  the  calcium  chloride,  can  be  used  for 
the  preparation  of  hypochlorous  acid  from  the  hypochlorite ; 
but  they  are  employed  in  the  process  of  bleaching  for  the 
decomposition  of  the  bleaching-powder,  to  liberate  the 
chlorine  in  the  fibre  of  the  cloth.  This  is  accomplished  by 
first  dipping  the  goods  to  be  bleached  in  a  solution  of  bleach- 
ing-powder, and  then  passing  them  through  dilute  hydro- 
chloric or  sulphuric  acid,  whereby  the  chlorine  is  liberated 
in  the  fibre  of  the  cloth  :  hence  the  bleaching  effect  is  only 
visible  after  the  goods  have  been  "  soured,"  or  dipped  in  the 
acid. 

Chlorine  Peroxide^ 

Symbol  ClOj,  is  a  dark  yellow  gas  obtained  by  the  action 
of  sulphuric  acid  on  potassium  chlorate.     It  condenses  to  a 
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red  brown  liquid,  and  is  a  very  dangerous  substance,  as  it  is 
liable  to  sudden  decomposition,  producing  the  most  violent 
explosions.  It  is  soluble  in  water ;  the  solution  does  not, 
however,  yield  any  peculiar  salt  on  treatment  with  an  alkali, 
but  gives  mixtures  of  chlorite  and  chlorate. 

Chlorous  Acidy  or  Hydrogen  Chlorite, 

Symbol  HClOj.  This  acid  is  not  known  in  the  free  state, 
but  its  salts,  termed  Chloritesy  have  been  obtained. 

Chloric  Acidy  or  Hydrogen  Chlorate, 

Symbol  HCIO3.  If  excess  of  chlorine  be  passed  into  a 
warm  and  concentrated  solution  of  caustic  potash,  potas- 
sium chlorate  and  potassium  chloride  are  formed,  thus  : 

3CI,  +  6KHO  =  KCIO,  +  5KCI  +  3H,0. 

The  potassium  chlorate  can  be  easily  separated  from  the 
more  soluble  chloride  by  crystallization.  Chloric  acid  itself 
can  be  prepared  by  decomposing  potassium  chlorate  with 
hydrofluosilicic  acid,  whereby  an  insoluble  potassium  com- 
pound is  precipitated,  and  chloric  acid  remains  in  solution  ; 
or,  by  adding  sulphuric  acid  to  barium  chlorate,  insoluble 
barium  sulphate  being  precipitated,  thus  : 

Ba(C108)a  +  H2SO4  =  BaS04  +  2HCIO8. 

Chloric  acid  solution  may  be  concentrated  in  a  vacuum 
over  sulphuric  acid  to  a  syrup,  but  it  decomposes  on  further 
evaporation ;  it  acts  as  a  powerful  oxidizing  agent,  parting 
with  its  oxygen,  and  when  dropped  upon  paper  produces 
ignition. 

The  chlorates  yield  up  all  their  oxygen  on  heating,  and  the 
potassium  salt  is  used  as  a  most  convenient  source  of  this 
gas.  The  composition  of  chloric  acid  is  ascertained  by 
determining  the  weight  of  oxygen,  which  potassium  chlorate 
yields  on  heating  (see  p.  14),  together  with  the  amount  of 
chlorine  contained  in  the  residual  potassium  chloride. 

Perchloric  Acid^  or  Hydrogen  Per  chlorate. 
Symbol  HCIO4. — When  potassium  chlorate  is  heated,  it 
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first  fuses  and  begfins  to  give  off  oxygen  :  at  a  certain  point, 

however,  the  whole  mass  solidifies  ;  if  the  decomposition  be 

stopped  at  this  stage,  a  new  salt  will  be  found  to  be  contained 

in  the  residi^,  together  with  chloride  and  imaltered  chlorate^ 

thus  : 

2KCIO8  =  KCIO4  +  KCl  +  O,. 

This  new  salt  is  termed  Potassium  perchlorate,  and  its 
composition  is  KCIO4.  It  may  be  easily  separated  from  the 
chlorate  by  treatment  with  hydrochloric  acid,  which  de- 
composes this  latter,  but  has  no  action  on  the  perchlorate. 
Perchloric  acid,  HCIO4,  can  readily  be  prepared  from  the 
potassium  salt  by  the  action  of  strong  sulphuric  acid.  If  a 
mixture  of  one  part  of  the  dry  perchlorate  and  four  of 
sulphuric  acid  be  distilled  in  a  retort,  a  colourless  fuming 
liquid  condenses  in  the  receiver :  this  is  perchloric  acid, 
HCIO4.  It  has  a  specific  gravity  of  178  at  I5°*5,  and  does 
not  solidify  at-35^  Perchloric  acid  is  one  of  the  most 
powerful  oxidizing  agents  known  ;  when  thrown  upon  wood 
or  paper  it  produces  instant  ignition,  and  when  dropped  on  to 
charcoal  it  decomposes  with  a  loud  explosion.  It  combines 
with  water  to  form  a  crystalline  hydrate,  HCIO4+H2O, 
which  when  further  diluted  with  water  forms  a  thick  oily 
liquid  boiling  constantly  at  203°,  and  containing  72*3  per 
cent,  of  HCIO4,  and  thus  not  corresponding  to  any  definite 
hydrate.  This  hydrate  can  also  be  obtained  by  boiling  a 
solution  of  chloric  acid,  thus  : 

3HCIO8  =  HCIO4  +  HjO  +  CI2  +  O4. 

Perchloric  acid  is  by  far  the  most  stable  of  the  acids 
derived  from  chlorine. 

The  acids  of  chlorine  form,  as  seen,  an  unbroken  series, 
each  member  differing  from  the  next  by  one  atom  of 
oxygen : 

HCl  Hydrochloric  acid. 

HCIO,  Hypochlorous  acid. 

HCIO2,  Chlorous  acid. 

HCIO3,  Chloric  acid. 

HCIO4,  Perchloric  acid. 

COMPOUND  OF  CHLORINE  AND  NITROGEN. 

Chlorine  combines  with  nitrogen,  though  only  indirectly, 
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to  form  a  very  remarkable  compound,  which  has  the  com- 
position NCI3.  If  chlorine  gas  be  passed  into  a  solution  of 
ammonia,  nitrogen,  as  we  have  seen,  is  liberated  ;  if  an  ex- 
cess of  chlorine  be  employed,  drops  of  an  oily  liquid  form, 
which,  on  being  touched,  explode  with  fearful  violence,  so 
that  the  greatest  caution  must  be  used  in  manipulating  even 
traces  of  this  body.  The  explosive  nature  of  this  compound 
arises  from  the  fact  that  its  constituent  elements  are  feebly 
combined,  and  separate  into  the  elementary  gases  with  sud- 
den violence. 

COMPOUNDS  OF  CHLORINE  AND  CARBON. 

Chlorine  and  carbon  cannot  be  made  to  unite  directly 
with  one  another,  but  by  indirect  means  four  distinct  com- 
pounds containing  these  elements  can  be  obtained.  One  of 
the  most  important  reactions  by  which  the  carbon  chlorides 
can  be  prepared  is  by  the  action  of  chlorine  on  certain 
hydrocarbons,  in  which  the  hydrogen  can  be  replaced, 
atom  for  atom,  by  chlorine.  Thus  with  marsh  gas  the 
following  four  stages  in  this  substitution  of  hydrogen  by 
chlorine  occur,  the  formation  of  carbon  tetrachloride  being 
the  last  one. 

(1)  CH4       +  Cla  =  CHsCl    +  HCl. 

(2)  CH3CI    +  Clj  =  CHaClj  +  HCl. 

(3)  CHjCIa  +  CI,  =  CHCls    +  HCl. 

(4)  CHClj   +  CI,  =  ecu       +  HCL 

The  properties  of  these  and  the  other  carbon  chlorides 
will  be  discussed  under  the  division  of  Organic  Chemistry. 


LESSON  XI. 


BROMINE. 


Symbol  Br,  Atomic  Weight  7975,  Density  7975. — This 
element,  which  closely  resembles  chlorine  in  its  properties 
and  compounds,  was  discovered  by  Balard,  in  1826,  in  the 
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salts  obtained  by  the  evaporation  of  sea-water.  It  does  not 
occur  free  in  nature,  and  is,  like  chlorine,  found  combined 
with  soda  and  magnesium  in  the  waters  of  certain  mineral 
springs.  It  is  now  chiefly  prepared  from  the  mother- 
liquors  obtained  in  the  potash  industry  at  Stassfurt,  which 
contain  considerable  quantities  of  bromine.  In  order  to  pre- 
pare it  use  is  made  of  the  fact  that  free  chlorine  liberates  bro- 
mine from  its  combinations  with  metals,  forming  a  metallic 
chloride.  The  bromine  thus  set  free  may  be  separated  by 
shaking  the  liquid  up  with  ether,  which  dissolves  the 
bromine,  forming  a  bright  red  solution.  On  adding  caustic 
potash  to  this  ethereal  solution,  the  colour  at  once  disappears, 
the  bromine  becomes  combined,  forming  the  bromide  and 
bromate  of  potassium  :  on  evaporation  of  the  ether  these 
salts  remain,  and  after  ignition  (to  decompose  the  bromate) 
the  bromide  can  again  be  liberated  by  the  action  of  sulphuric 
acid  and  manganese  dioxide  exactly  as  in  the  case  of 
chlorine,  thus  : 

2BrK  +   2HJSO4  +  MnOa  =  2Br  +  KgSO*  +  MnS04  +  2H,0. 

Bromine  is  a  dark,  reddish-black,  heavy  liquid  (the  only 
element  liquid  at  ordinary  temperatures  besides  mercury) ; 
its  specific  gravity  ato°  is  3*  188,  it  freezes  at -7"  to  a  black 
solid,  and  boils  at  59^  It  possesses  a  very  strong  irritating 
smell,  resembling  that  of  chlorine  Opc5/xoj,  a  stink),  and  when 
inhaled,  acts  as  a  strong  poison  :  one  part  of  bromine 
dissolves  in  about  30  parts  of  water  at  15°  ;  and  this  solution 
possesses  bleaching  powers,  feebler,  however,  than  those  of 
chlorine.  This  bleaching  action  is  caused  by  the  oxidation 
of  the  colouring  matter,  the  bromine  combining  with  the 
hydrogen  of  the  water  to  form  an  acid  called  hydrobromic 
acid,  corresponding  in  mode  of  formation  and  properties  to 
hydrochloric  acid. 

The  vapour  density  of  bromine  has  been  found  to  diminish 
at  a  high  tiemperature,  viz.  from  5*52  to  4*4  (air=i).  Hence 
it  appears  that  a  certain  number  of  molecules  Brg  are  dis- 
sociated into  single  atoms,  Br. 

Hydrobromic  Acid,  or  Hydrogen  Bromide, 

Symbol  HBr,  Molecular  Weight  8075,  Density  40*37. — 
Hydrogen  and  bromine  do  not  unite  together,  even  when 
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placed  in  the  sunlight,  but  they  combine  to  form  hydrobromic 
acid  when  passed  through  a  red-hot  porcelain  tube  contain- 
ing metallic  platinum.  Hydrobromic  acid  is  prepared  by 
the  action  of  acids  (phosphoric  acid)  on  the  bromides,  or 
better  by  bringing  bromine  and  phosphorus  in  contact  with 
water,  when  a  violent  action  occurs,  hydrobromic  acid  and 
phosphoric  acid  being  formed,  thus  : 

P  +  SBr  +  4HaO  =  SHBr  +  HsPO^. 

It  is  a  colourless  gas,  having  a  strong  acid  reaction,  and 
fumes  strongly  in  moist  air :  it  is  very  soluble  in  water. 
When  concentrated  the  aqueous  acid  boils  (under  760  mm. 
pressure)  at  126°,  and  contains  47*8  per  cent,  of  HBr.  Two 
volumes  of  this  gas  contain  one  of  bromine  united  with  one 
of  hydrogen.  The  aqueous  acid  neutralizes  bases,  forming 
the  bromides  and  water.     The  gas  liquefies  at  -  73°. 

Tests  for  Hydrobromic  Acid.  The  presence  of  the  acid 
is  detected  by  its  giving  a  yellowish  white  precipitate  with 
silver  nitrate  which  is  sparingly  soluble  in  ammonia,  readily 
in  potassium  cyanide  solution  ;  also  by  its  giving  off  reddish 
brown  vapours  of  bromine  when  heated  with  manganese 
dioxide  and  sulphuric  acid. 

Oxy-acids  of  Bromine, 

No  oxides  of  bromine  are  known ;  the  oxy-acids  are  Hypo- 
bromous  acid,  HBrO,  and  Bromic  acid,  HBrOj. 

Hypobromous  Acidj  HBrO,  is  known  only  in  aqueous 
solution.  It  is  obtained  by  the  action  of  bromine  water 
upon  mercuric  oxide,  thus  : 

HgO  +  2Br,  +  HjO  =  2HBrO  +  HgBra. 

Like  hydrochlorous  acid,  it  bleaches  vegetable  colouring 
matters  by  oxidation,  hydrobromic  acid  being  formed. 
Bromine  gives  with  slaked  lime  a  compound  analogous  to 
bleaching-powder,  which  with  water  yields  a  solution  con- 
sisting of  a  mixture  of  calcium  bromide  and  calcium  hypo- 
bromite. 

Bromic  Acid^  HBrOg,  can  be  obtained  by  the  action  of 
chlorine  upon  bromine  water,  thus  ; 

Br  +  sHjO  +  5CI  =  5HCI  +  HBrO» 
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In  both  its  properties  and  composition  it  corresponds  to 
chloric  acid.  Certain  metallic  bromates  can  be  obtained, 
like  the  corresponding  chlorates,  by  the  action  of  bromine 
on  the  metallic  oxides  in  aqueous  solution.  The  best  method 
of  obtaining  the  bromates  of  the  alkali-metals  (potassium 
and  sodium)  consists  in  saturating  a  concentrated  solution 
of  the  metallic  carbonate  with  chlorine  until  carbonic  acid 
begins  to  escape,  and  then  adding  bromine  ;  all  the  chlorine 
is  liberated,  and  solution  of  pure  bromate  remains.  Hence 
it  appears  that  bromine  can  displace  chlorine  from  its  com- 
pounds with  oxygen,  whilst  chlorine  can  liberate  bromine 
from  its  compound  with  hydrogen.  The  bromates  are  de- 
composed by  heat  in  the  same  way  as  the  chlorates. 

IODINE. 

Symbol  I,  Atomic  Weight  126*53,  Density  126-53.— Iodine 
occurs  combined  with  metals  in  sea-water,  and  is  obtained 
from  kelp,  the  ash  of  certain  sea-weeds,  in  which  it  is  found 
as  the  iodides  of  sodium  and  magnesium.  It  was  discovered 
in  1 81 2  by  Courtois.  Iodine  is  obtained  from  kelp  by 
exactly  the  same  process  as  that  by  which  chlorine  and 
bromine  are  obtained  from  chlorides  and  bromides,  viz.  by 
heating  with  sulphuric  acid  and  manganese  dioxide.  At  the 
present  time,  iodine  is  chiefly  prepared  from  the  so-called 
"caliche;'  which  is  the  crude  sodium  nitrate  found  in  Peru 
and  Chili.  The  mother  liquors  obtained  in  preparing  the 
pure  Chili  saltpetre,  contain  considerable  quantities  of 
iodine  in  the  form  of  sodium  iodate.  Iodine  forms  a 
deep  violet-coloured  vapour  (tcDcid^s)  which  condenses  to 
a  dark  grey  solid,  with  a  bright  metallic  lustre.  Iodine 
melts  at  115°,  and  boils  above  200°,  and  has  a  specific 
gravity  of  4*95 ;  it  gives  off  a  perceptible  amount  of 
vapour  at  the  ordinary  temperature  and  possesses  a  faint 
chlorine-like  smell.  When  the  vapour  of  iodine  is  heated 
to  temperatures  above  700°,  its  density  diminishes  as  the 
temperature  increases,  until  at  a  temperature  of  1400°  the 
density  becomes  constant,  one  volume  of  the  vapour  weigh- 
ing 63*26,  or  half  its  original  amount.  This  shows  that  the 
vapour  at  1400°  consists  of  free  atoms  of  iodine  (see  ante^ 
p.  ^y),  so  that  its  molecular  formula  at  that  temperature  is  I, 
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Water  dissolves  a  very  small  quantity  of  iodine  ;  but  in 
presence  of  a  soluble  iodide  it  is  freely  dissolved,  forming  a 
deep  red  or  brown  solution  ;  it  is  easily  soluble  in  alcohol, 
giving  a  reddish-brown  solution,  and  also  in  carbon  disul- 
phide  and  chloroform,  imparting  to  them  a  splendid  violet 
colour.  Iodine  does  not  possess  such  active  properties  as 
either  of  the  preceding  elements,  its  solution  does  not  bleach 
organic  colouring  matters,  and  it  is  liberated  from  its  com- 
pounds by  both  bromine  and  chlorine.  Free  iodine  forms 
a  remarkable  compound  with  starch,  of  a  splendid  blue 
colour  ;  and  by  this  means  the  minutest  trace  of  either  sub- 
stance can  be  detected.  To  apply  this  test,  one  drop  of 
potassium  iodide  solution  is  added  to  starch  paste  largely 
diluted  with  water ;  no  blue  colour  is  observed  until  the 
iodine  is  set  free  by  the  addition  of  a  drop  or  two  of 
chlorine-water,  when  a  deep  blue  coloration  is  instantly 
perceived.  This  coloration  disappears  on  warming,  or  on 
addition  of  an  excess  of  chlorine  water.  Iodine  acts  as  a 
powerful  poison ;  but  given  in  small  quantities,  it  is  much 
used  as  medicine. 


Hydriodic  Acid^  or  Hydrogen  Iodide, 

Symbol  HI,  Molecular  Weight  127-53,  Density  6376. — 
Iodine  and  hydrogen  may  be  made  to  unite  with  each  other 
by  heating  them  together  :  hydriodic  acid  is  liberated  when 
dilute  sulphuric  acid  acts  on  an  iodide.  This  substance  is, 
however,  best  prepared  by  acting  upon  phosphorus  iodide 
with  water,  thus : 

PI3  +  3H3O  =  3HI  +  H3PO3. 

Phosphorus  tri-iodide  and  water  produce  hydriodic  acid  and  phosphorous  acid. 

Hydriodic  acid  is  a  colourless  gas,  possessing  a  strong 
acid  reaction,  and  fuming  strongly  in  the  air :  it  is  very 
soluble  in  water,  yielding  a  solution  which  boils  at  127°, 
and  contains  57  per  cent,  of  HI.  The  gas  liquefies  under 
pressure,  and  solidifies  at  —  55°.  An  analysis  of  this  gas 
shows  that  hydriodic  acid  (like  hydrochloric  and  hydrobro- 
mic)  is  composed  of  one  volume  of  hydrogen  and  one  of 
iodine  vapour,  forming  two  volumes  of  hydriodic  acid. 
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Oxides  and  Oxy-acids  of  Iodine, 

Iodine,  when  treated  with  solutions  of  caustic  alkalis,  does 
not  yield  bleaching  liquors ;  nor  is  there  any  compound 
corresponding  to  hypochlorous  acid  known  in  the  iodine 
series.  It  forms,  however,  two  important  acids,  iodic  and 
periodic  acids,  corresponding  respectively  with  chloric  and 
perchloric  acids.  Only  one  oxide  of  iodine,  viz.  I2O5,  is 
known. 

Iodic  Acid,  or  Hydrogen  lodate. — Symbol  HIO3,  Molecular 
Weight  175*41. — This  acid,  which  corresponds  closely  to 
chloric  acid,  may  be  obtained  by  the  direct  oxidation  of 
iodine  by  nitric  acid,  and  also  by  acting  upon  iodine  water 
with  chlorine,  thus  : 

I  +  3H2O  +  5CI  =  niOj  +  5HCI. 

Iodine,  water,  and  chlorine  yield  iodic  acid  and  hydrochloric  acid. 

The  iodates  of  the  alkali  metals  are  formed  (together  with 
the  iodides  of  the  metals  employed)  like  the  chlorates  and 
bromates,  by  dissolving  iodine  in  the  caustic  alkalis  : 

61  +  6KOH  =  KIOs  +  5KI  +  3H2O. 

Iodine  and  caustic  potash  give  potassium  iodate,  potassium  iodide,  and  water. 

The  whole  of  the  iodine  is  converted  into  iodate  if  chlorine 
gas  be  passed  into  the  solution,  thus  : 

I  +  6KOH  +  5CI  =  KIO3  +  5KCI  +  3H2O. 

Iodine,  caustic  potash,  and  chlorine  yield  potassium  iodate,  potassium  chloride, 

and  water. 

Hence  we  see  that  oxygen  combines  with  iodine  to  form 
an  iodate  in  preference  to  forming  a  chlorate  with  chlorine. 
The  iodates  of  the  alkali-metals  decompose  on  heating  like 
the  corresponding  chlorates,  yielding  oxygen  and  an  iodide, 
whereas  the  iodates  of  the  heavy  metals  yield  the  metallic 
oxides,  iodine  and  oxygen. 

Iodine  Pentoxide,  or  Iodic  Anhydride,  I2O5,  is  obtained 
as  a  white  crystalline  solid  by  heating  iodic  acid,  HIO3, 
to  170°. 

Periodic  Acid,  or  Hydrogen  Periodate,  HI04,2H20,  can 
be  obtained  from  the  corresponding  perchloric  acid  by  the 
addition  of  iodine.  It  is  a  white  crystalline  solid  body; 
which  on  heating   splits  up  into  iodine  pentoxide,  water 
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and  oxygen.  The  potassium  salt  of  this  acid,  closely  re- 
sembling the  corresponding  perchlorate,  is  obtained  by 
passing  chlorine  gas  through  a  solution  of  the  iodate  and 
caustic  potash  ;  thus  : 

KlOg  +  2KOH  +  Cla  =  KIO4  +  2KCI  +  H,0. 

Iodine  and  Nitrogen. — The  three  atoms  of  hydrogen  in 
ammonia  can  be  wholly  or  partly  replaced  by  iodine ;  the 
resulting  compounds  are  black  powders,  which,  when  touched 
in  the  dry  state,  suddenly  decompose  with  a  loud  report,  and 
sometimes  even  explode  spontaneously.  The  pure  iodide  of 
nitrogen  is  prepared  by  the  action  of  a  strong  alcoholic  solu- 
tion of  iodine  upon  aqueous  ammonia,  thus  : 

61  +  4NH,  =  Nig  +  3NHJ. 


FLUORINE. 

Symbol  F,  Atomic  Weight  19*1. — This  element  occurs 
combined  with  the  metal  calcium,  forming  calcium  fluoride, 
or  fluorspar,  CaFg,  a  mineral  crystallizing  in  cubes  and 
found  in  Derbyshire  :  it  also  exists  in  lai^e  quantities  in 
cryolite  (sNaF  -|-  AIF3),  a  mineral  found  in  Greenland, 
whilst  it  has  been  detected  in  minute  quantities  in  the  teeth, 
and  even  in  the  blood,  of  animals.  Fluorine  has  recently  been 
isolated  by  the  electrolysis  of  perfectly  anhydrous  hydrofluoric 
acid  containing  a  little  acid  potassium  fluoride  to  enable  it  to 
conduct  electricity.  The  electrolysis  can  only  be  performed 
in 'perfectly  dry  platinum  vessels.  Fluorine  is  given  off"  at  the 
positive  pole  as  a  colourless  gas  which  attacks  almost  all  sub- 
stances, organic  and  inorganic.  Arsenic,  antimony,  sulphur, 
iron,  and  other  elements,  as  well  as  cork  and  alcohol,  ignite 
spontaneously  in  contact  with  the  gas,  and  it  decomposes 
water  with  formation  of  ozone  and  hydrofluoric  acid. 

Fluorine  is  remarkable  as  forming  no  compounds  with 
oxygen. 

Hydrofluoric  Acidy  or  Hydrogen  Fluoride, 

Symbol  HF,  Molecular  Weight  20*1,  Density  10*05. — This 
gas  corresponds  in  composition  to  the  hydrogen  compounds 
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of  the  three  preceding  elements,  and  may  be  obtained  in  an 
exactly  similar  manner  by  the  action  of  sulphuric  acid  upon 
calcium  fluoride,  thus  : 

H,S04  +  CaFj  =  2HF  +  CaS04. 

Sulphuric  add  and  calcium  fluoride  give  hydrofluoric  add  and  calcium  sulphate. 

Hydrofluoric  acid  gas  must  be  prepared  in  a  leaden  or 
platinum  vessel,  as  glass  is  rapidly  attacked  by  the  vapour. 

The  colourless  gas  thus  obtained  fumes  strongly  in  the 
air  ;  if  it  be  passed  into  a  metallic  tube  placed  in  a  freezing 
mixture  at  the  temperature  of— 20°,  a  liquid  is  formed  ;  this 
liquid  still  contains  traces  of  water,  which  arc  removed  by 
electrolysis,  the  fluorine  formed  decomposing  the  water  into 
ozone  and  hydrofluoric  acid.  The  anhydrous  liquid  boils  at 
I9°'5.  The  strong  acid  acts  very  violently  upon  the  skin, 
producing  painful  wounds ;  and  the  fumes  of  the  gas  are 
likewise  dangerous  from  their  corrosive  power.  When 
brought  into  contact  with  water  the  strong  acid  dissolves 
with  a  hissing  noise  ;  this  aqueous  acid  attains  a  constant 
boiling  point  under  the  ordinary  atmospheric  pressure,  when 
the  liquid  contains  37  per  cent,  of  HF. 

The  most  remarkable  property  of  hydrofluoric  acid  is  its 
power  of  etching  upon  glass  :  this  arises  from  the  fact  that 
fluorine  forms,  with  the  silicon  contained  in  the  glass,  a  vola- 
tile compound  called  silicon  tetrafluoride  (see  p.  141 ).  This 
etching  serves  as  a  very  delicate  test  of  the  presence  of 
fluorine,  and  is  effected  in  a  very  simple  manner  by  covering 
a  watch-glass  with  a  thin  coating  of  wax,  removing  a  portion 
by  means  of  a  sharp  point,  and  then  exposing  the  glass  for 
a  short  time  to  the  vapour  of  hydrofluoric  acid  given  off  by 
heating  the  materials  with  sulphuric  acid  in  a  small  leaden 
saucer ;  on  removing  the  wax  with  a  little  turpentine,  the 
marks  on  the  glass  will  be  distinctly  visible.  The  solution 
of  hydrofluoric  acid  in  water  is  also  used  for  the  purpose 
of  etching  glass.  Fluorspar  is  used  in  metallurgic  opera- 
tions as  a  flux,  whence  its  name  {JluOy  I  flow.) 


The  members  of  the  foregoing  group  of  elements  exhibit 
certain  remarkable  relations  among  themselves,  especially  a 
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gradation  in  properties.  Thus  fluorine  and  chlorine  are 
gases,  bromine  is  a  liquid,  and  iodine  a  solid  at  ordinary 
temperatures  ;  the  specific  gravity  of  liquid  chlorine  is  1*33, 
of  bromine,  2*97,  and  of  iodine  495  ;  liquid  chlorine  is 
transparent,  bromine  but  slightly  so,  and  iodine  is  opaque. 
The  combining  weight,  and  therefore  the  vapour  density,  of 
bromine  is  nearly  the  mean  of  those  of  chlorine  and  iodine, 

^  c  *^7-X- 1 26*  1  "^ 

^^  "^^  ' ^  =  8o*95 ;  and  in  its  general  chemical  deportment 

bromine  stands  half-way  between  the  other  two  elements. 
The  property  which  distinguishes  these  substances  from 
the  rest  of  the  elements  is  the  power  of  forming,  with 
hydrogen,  compounds  containing  equal  volumes  of  the 
constituent  gases  united  without  condensation. 
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SULPHUR. 

Symbol  S,  Atomic  Weight  31*98,  Density  31*98. — Sul- 
phur occurs  both  free  and  combined  in  nature  :  it  is  found 
free  in  certain  volcanic  countries,  especially  in  Sicily  and 
Iceland,  and  occurs  crystallized  in  yellow  transparent  crystals 
in  the  form  of  rhombic  octahedra  (Fig.  38).  It  exists  in 
combination  with  many  metals,  forming  compounds  termed 
sulphides,  which  constitute  the  common  ores  from  which  the 
metals  are  usually  obtained  :  thus  PbS,  lead  sulphide,  or 
Galena;  ZnS,  zinc  sulphide,  or  Blende;  and  CuS,  copper 
sulphide,  are  the  substances  from  which  those  metals  are 
generally  procured  ;  it  is  also  found  combined  with  iron  in 
large  quantities,  forming  iron  pyrites^  FeS2,  which  has,  how- 
ever, no  value  as  iron-ore.  Sulphur  is  also  found  in  nature, 
combined  with  metals  and  oxygen,  to  form  a  class  of  salts 
called  sulphates  :  of  these,  calcium  sulphate  or  gypsum, 
CaS04  +  2H2O,  barium  sulphate  or  heavy  spar,  BaS04, 
sodium  sulphate  or  Glauber^s  salt,  Na2S04+ioH20,  occur 
in  the  largest  quantity.  Sulphur  likewise  occurs  combined 
with  hydrogen,  as  a  gas  called  Sulphuretted  Hydrogen,  H2S, 
in  the  waters  of  certain  springs,  as  at  Harrogate. 
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In  order  to  obtain  pure  sulphur,  the  mineral 
tlie  crude  substance  mixed  with  earthy  impurities  is  placed 
in  a  round  hole  dug  in  the  ground  averaging  from  two  to 
three  meters  in  diameter  and  about  half  a  meter  in  depth. 
Fire  is  applied  to  the  heap  in  the  evening,  and  in  the  morning 
a  quantity  of  liquid  sulphur  is  found  to  have  collected  at  the 
bottom  of  the  hole  ;  this  is  then  ladled  out,  the  combustion 
being  allowed  to  proceed  further  until  the  whole  mass  is 
burnt  out.  By  this  process  only  about  one-third  of  the 
sulphur  contained  in  the  ore  is  obtained,  the  remaining  two- 
thirds  burning  away  and  evolving  clouds  of  sulphurous  acid. 
When  brought  to  this  country,  the  sulphur  thus  obtained  is 
refined  or  purified  by  subjecting  it  to  distillation,  the  vapour 
being  condensed  in  chambers,  as  shown  in  Fig.  39. 


F.O.  sB. 


I 


vapiouT  of  sulphur  is  quickly  cooled  below  its  melting  point, 
it  solidifies  in  the  form  of  a  fine  crystalline  powder  called 
Flowers  of  Sulphur,  exactly  as  aqueous  vapour,  when  cooled 
down  below  the  freezing  point  of  water,  deposits  as  snow. 
When  sulphur  is  gently  heated,  it  melts,  and  may  be  cast 
into  sticks,  and  is  then  known  as  brimstone  or  roll  sulphur. 
Sulphur  is  also  recovered  in  large  quantities  from  the  "  alkali 
waste  "  obtained  in  the  manufacture  of  soda  (p.  193  ]. 

Sulphur  exists  in  three  modifications ;  the  first  is  that  in 
which  sulphur  crystailizes  in  nature,  and  the  other  two  are 
obtained  by  melting  sulphur.  If  melted  sulphur  be  allowed 
to  cool  slowly,  it  crystallizes  in  long,  transparent,  needle- 
shaped,  prismatic  crystals,  which  arc  quite  different  in  form 
from  the  natural  crystals  of  sulphur,   and  have  the  specific 


gravity  of  I'gS; 


of 


opaque  after  exposure  l. 
each  crystal  splitting  up 


whereas  the  specific  gravity  of  the  crystals 
•  is  2'(W.      These  transnarent  rrviitnlii  hpenmp 


lereas  tne  specinc  gravity  ot  tne  c 
jlphur  is  2'o7.     These  transparent  crystals  b 

...^=  ,n  >k=  ■,;,  for  a  fg„  Jays^  owing  t 


o  several  crystals  of  the  natural 


octahedral,  or  permanent  form.     The  third  allotropic  modift- 
'"'■■—   -s  obtained  by  pouring   melted   sulphui 


cation  of  sulphur 


heated  to  230°  into  cold  water  :  the  sulphur  thus  forms  a  soft 
s  resembling  caoutchouc,  and  has  i 
Th]*;  form  of  ^nlnhnr  i-i   hnwpvpr 


gravity  of  rg6. 


form  of  sulphur  is,  however,  rii 

few  hours,  at  the  temperature  of  the  a^.,  n.^ 
;  the  ordinary  brittle  form  of  the  element,  whilCj 


ftu.  39. 

if  heated  to  100°,  it  instantly  changes  to  the  brittle  fonn,  and 
thereby  evolves  so  much  heat  as  to  raise  its  temperature 
to  1 1 1°.  These  peculiar  modifications  become  apparent  when 
sulphur  is  heated  :  thus,  sulphur  melts,  to  begin  with,  at  115", 
and  forms  an  amber-colour  mobile  liquid  ;  as  the  tempera- 
ture rises,  the  liquid  becomes  dark-coloured,  and  attains 
the  consistency  of  thick  treacle,  so  that  at  about  230°  it  can 
scarcely  be  poured  out  of  the  vessel ;  heated  above  250°,  it 
again  becomes  fluid,  and  remains  as  a  dark  reddish-black 
coloured  thin  liquid,  until  the  temperature  rises  to  440°,  when 
it  begins  to  boil,  and  gives  off  a  red-coloured  vapour. 
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Sulphur  is  an  inflammable  substance,  and  when  heated  in 
the  air  or  in  oxygen  bums  with  a  bluish  flame,  combining 
with  the  oxygen  to  form  sulphur  dioxide  (often  called 
sulphurous  acid),  SO2,  which  is  given  off  as  a  gas,  possessing 
a  peculiar  and  well-known  suffocating  smell.  Sulphur 
combines  directly  with  chlorine,  carbon,  and  most  other 
elements,  whilst  many  metals  bum  in  its  vapour  as  they 
do  in  oxygen  gas,  forming  sulphides.  Sulphur  is  insoluble 
in  water  and  most  organic  liquids,  but  both  the  natural 
octahedral  variety  and  the  other  crystalline  (or  prismatic) 
variety  dissolve  freely  in  carbon  di sulphide,  CSj,  whilst 
the  tenacious  form  of  sulphur  is  insoluble  in  this  liquid.  When 
deposited  from  solution  in  carbon  disulphide,  sulphur 
crystallizes  in  the  ordinary  natural  or  octahedral  form. 


COMPOUNDS  OF  SULPHUR  AND  OXYGEN 

Sulphur  forms  with  oxygen  two  compounds  belonging  to 
the  class  of  acid-forming  oxides,  that  is,  oxides  which  give 
rise  to  acids  when  they  are  brought  in  contact  with  water. 
These  are  Sulphur  Dioxide ^  SO2,  and  Sulphur  Trioxide^ 
SO3,  yielding  respectively — 

H2SO3,  Sulphurous  Acid,  and 
H2SO4,  Sulphuric  Acid. 

In  addition  to  these,  the  sesquioxide^  S2O3,  and  the 
peroxide,  S2O7,  or  SjOg,  are  known. 

Besides  these,  six  other  oxy-acids  of  sulphur  exist,  with 
whose  corresponding  oxides  we  are  unacquainted.  The 
following  list  gives  the  composition  of  the  eight  sulphur 
oxyacids  ;  numbers  2,  3,  and  4,  are  important  compounds ; 
the  remaining  bodies  are  but  little  known,  and  do  not  as  yet 
serve  any  purpose  in  the  arts  or  manufactures.  These  com- 
pounds exhibit  in  a  striking  manner  the  law  of  multiple  com- 
bining proportions  enunciated  by  Dalton.   (See  ante,  p.  55). 

Oxy-acids  of  Sulphur, 

(i)  Hyposulphurous  Acid.    .    .  HjS  Oj. 

(2)  Sulphurous  Acid HgS  Oj. 

(3)  Sulphuric  Acid HjS  O^ 


OXy-ACIDS  OF  SULPHUR 


(4)  Thiosulphuric  Acid  , 

(5)  Dilhioiuc  Acid  .    .   . 

(6)  Trithionic  Aeirt     .   . 

(7)  Tettalhionlc  Acid     . 

(8)  Pentathionic  Acid    . 


.  HjSjOp 
.  HjS,0,. 
.  H,S,0,. 

.  HjS.O,. 


Sulphur  Dioxide,  or  Sulphurous  Anhydridt> 
Symbol  %Q^,  Molecular  Weight  kyt).  Density  31-95.— This 
gas  is  obtained  when  sulphur  is  burnt,  ajid  it  is  given  off  in 
laige  quantities  from  volcanic  craters  ;  it  may  be  prepared 
more  conveniently  on  the  small  scale  by  removing  the 
elements  of  water,  and  one  additional  atom  of  oxygen  from 


sulphuric  acid  by  heating  it  together  with  the  metals  copper 
or  mercury,  thus  : 

Cu  +  2H,SO(  =  SO,  +  CuSOi  +  2H,0. 

The  gas  thus  given  off  may  be  washed  10  purify  it,  and 
then  collected  over  mercury  or  by  displacement.  It  is  a 
colourless  gas,  possessing  a  suffocating  smell  of  burning 
sulphur  ;  it  is  2'2n  times  heavier  than  air,  and  may  be  con- 
densed to  a  colourless  liquid  by  cooling  down  to  ~  8''  under 
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the  ordinary  atmospheric  pressure ;  when  cooled  below— 76®, 
the  liquid  freezes  to  a  transparent  solid.  The  arrangement 
for  liquefying  the  gas  is  seen  in  Fig.  40  :  it  consists  of  the 
usual  evolution  flask  and  washing  bottle,  which  is  connected 
with  a  spiral  glass  tube  surrounded  by  a  freezing  mixture  of 
salt  and  pounded  ice.  The  gas  condenses  in  this  tube  and 
falls  down  into  the  small  flask  placed  below,  which  is  also 
placed  in  a  freezing  mixture.  When  a  sufficient  quantity  of 
the  liquid  has  been  collected,  the  neck  of  the  flask  can  be 
sealed  up  by  the  blowpipe  at  the  narrow  part,  and  the  lique- 
fied sulphur  dioxide  preserved.  This  liquid  evaporates  very 
quickly  when  brought  into  the  air,  and  the  heat  which  thus 
becomes  latent  is  so  considerable,  that  the  temperature  may 
in  this  way  be  reduced  to— 50°:  this  is  easily  shown  by 
pouring  some  of  the  liquid  upon  the  bulb  of  an  alcohol 
thermometer  which  has  been  wrapped  in  cotton-wool. 

Sulphur  dioxide,  like  all  other  gases  which  are  easily  con- 
densed, exhibits  considerable  deviation  from  Boyle's  law  of 
pressures,  occupying  for  equal  increments  of  pressure  less 
space  than  air  under  the  same  conditions ;  this  difference 
becoming  larger  the  lower  the  temperature. 

The  volume  of  this  gas  formed  by  the  combustion  of  sul- 
phur is  found  to  be  exactly  the  same  as  that  of  the  oxygen 
employed.  Hence,  as  the  density  of  sulphur  dioxide  is  31*95, 
it  contains  equal  weights  of  its  constituent  elements,  i  volume 
of  sulphur  uniting  with  2  volumes  of  oxygen  to  give  2  volumes 
of  the  dioxide. 

Sulphur  dioxide  is  very  soluble  in  water,  i  volume  of  water 
at  10'  dissolving  51 '38  volumes,  and  at  20°  39*37  volumes  of 
this  gas.  The  solution  of  the  gas  in  water  consists  of  hydro- 
gen sulphite^  or  sulphurous  acid,  HgSOg,  as  the  solution  of 
carbon  dioxide  in  water  (p.  82)  consists  of  the  true  carbonic 
acid  :  but  this  substance  is  decomposed  on  boiling  the  liquid, 
water  and  sulphur  dioxide  being  reproduced,  the  latter 
escaping  as  a  gas.  If  the  solution  of  this  gas  in  water  be 
cooled  below  5°,  a  crystalline  hydrate  of  sulphurous  acid 
separates  out,  having  the  composition  H2SO3+14H2O. 

Sulphurous  acid  is  the  hydrogen  salt  of  a  series  of  com- 
pounds called  sulphites :  these  compounds  are  easily  decom- 
posed by  the  stronger  acids,  sulphur  dioxide  being  liberated 
as  a  gas.    This  substance  is  largely  used  as  a  bleaching 
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agent,  especially  for  silk  and  woollen  goods  which  cannot  be 
bleached  by  chlorine ;  it  is  also  employed  as  an  antichlor 
for  the  purpose  of  getting  rid  of  the  excess  of  chlorine  pre- 
sent in  the  bleached  rags  from  which  paper  is  made. 

In  its  bleaching  action,  sulphur  dioxide  acts  in  a  manner 
exactly  opposite  to  that  in  which  chlorine  acts,  inasmuch  as 
it  unites  with  the  oxygen  of  the  water  or  colouring-matter 
present,  forming  sulphuric  acid  and  liberating  the  hydrogen ; 
so  that  sulphurous  acid  bleaches  by  acting  as  a  reducing  or 
deoxidizing  agent,  whereas  chlorine  bleaches  by  oxidation ; 
similarly,  its  action  as  an  antichlor  depends  on  the  formation 
of  sulphuric  and  hydrochloric  acids,  thus : 

SO,  +  2HjO  +  2CI  =  HjSO^  +  2HCI. 

The  great  value  of  sulphur  dioxide  in  the  arts  is  in  the 
manufacture  of  sulphuric  acid  or  oil  of  vitriol,  and  for  this 
purpose  enormous  quantities  of  the  dioxide  are  produced. 

Sulphurous  add,  HgSOg,  like  carbonic  acid,  HgCOj,  is  a 
dibasic  acid ;  that  is,  it  contains  two  atoms  of  hydrogen, 
both  of  them  capable  of  being  replaced  by  metals.  Thus 
two  classes  of  salts  exist ;  the  so-called  acid  saliSy  in  which 
only  one  atom  of  hydrogen  has  been  replaced,  and  the 
normal  salts,  in  which  both  atoms  have  been  replaced  by  a 
metaL  Thus  Hydrogen  Potassium  Sulphite,  HKSO3,  is  an 
acid  salt,  and  Potassium  Sulphite,  K2SO3,  is  a  normal  salt. 
Similarly,  we  have  Hydrogen  Potassium  Carbonate,  HKCO3, 
and  Potassium  Carbonate,  KgCOg. 

Sulphur  Sesquioxide,  S2O3,  is  a  blue  crystalline  solid 
obtained  by  adding  flowers  of  sulphur  to  sulphur  trioxide, 
SOs. 

Sulphur  Peroxide,  SjOy,  (or  SgOg)  is  an  oily  liquid  obtained 
by  the  action  of  a  powerful  electric  current  on  a  mixture  of 
sulphur  trioxide  and  oxygen.  Neither  of  these  oxides  give 
rise  to  peculiar  acids  on  treatment  with  water,  nor  are  they 
used  in  the  arts. 
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LESSON  XIII 

Sulphur  Trioxidey  or  Sulphuric  Anhydride. 

Symbol  SO3,  Molecular  Weight  79*86,  Density  39*93.— 
Sulphur  dioxide  does  not,  under  ordinary  circumstances, 
combine  directly  with  oxygen  to  form  SO3,  but  if  these  two 
dry  gases  be  passed  together  over  heated  and  finely  divided 
metallic  platinum,  union  takes  place,  and  dense  white  fumes 
of  sulphur  trioxide  are  evolved,  condensing  to  long  prismatic 
crystals  melting  at  15°,  and  boiling  at  46®.  On  standing, 
these  crystals  change  to  long  silky  needles,  fusing  ajt  50°,  and 
gradually  solidifying  to  the  prismatic  modification.  The 
trioxide  yields  a  colourless  vapour,  which  when  passed 
through  a  red-hot  tube  is  decomposed  into  two  volumes  of 
sulphur  dioxide  and  one  volume  of  oxygen.  Sulphur  trioxide 
does  not  redden  litmus  paper,  and  may  be  moulded  by  the 
dry  fingers  without  charring  the  skin  :  when  brought  into 
contact  with  water,  the  two  substances  combine  with  great 
force,  hissing  as  a  red-hot  iron  would  do,  and  forming  sul- 
phuric acid,  H2SO4.  The  combination  thus  formed  cannot  be 
separated  again  into  sulphur  trioxide  and  water  by  boiling. 
The  trioxide  may  likewise  be  prepared  by  distilling  fuming 
sulphuric  acid,  ^2^2^^ 7  (see  below). 


SulphurU  Acid,  or  Hydrogen  Sulphate. 

Symbol  H2SO4,  Molecular  Weight  97*82. — This  substance 
is  the  ntost  important  and  useful  acid  known,  as  by  its  means 
nearly  all  the  other  acids  are  prepared,  and  also  because  it  is 
very  largely  used  in  the  arts  and  manufactures  for  a  great 
variety  of  purposes.  So  valuable  are  the  applications  of 
this  acid,  that  the  quantity  now  manufactured  in  the  South 
Lancashire  district  alone  exceeds  3,000  tons  per  week.  In- 
deed, it  has  been  truly  said  that  the  commercial  prosperity 
of  a  country  may  be  judged  of  with  great  accuracy  by  the 
amount  of  sulphuric  acid  which  it  consumes. 

Sulphuric  acid  was  first  prepared  by  distilling  a  compound 
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of  iron,  oxygen,  sulphur,  and  water,  called  ferrous  sulphate 
or  green  vitriol.  The  acid  thus  obtained  is  known  zs/uming 
or  Nordhausen  acid,  and  contains  a  compound  of  hydrogen 
sulphate  and  sulphur  trioxide,  H2SO4  +  SO3,  or  H2S2O7,  to 
which  the  name  oi pyrosulphuric  acid  has  been  given. 

Manufacture  of  Sulphuric  Acid. — The  above  plan  of  pre- 
paration has,  however,  long  been  superseded  by  the  following 
more  convenient  method,  which  depends  upon  the  fact  that, 
although  sulphur  dioxide  does  not  combine  with  free  oxygen 
and  water  to  form  sulphuric  acid,  it  is  capable  of  taking  up 
the  oxygen  when  the  latter  is  united  with  nitrogen  in  the  form 
of  nitrogen  trioxide,  NgOg,  thus  : 

SO2  +  HjO  +  N2O3  =  H2SO4  +  N2O2. 

Sulphur  dioxide,  water,  and  nitrogen  trioxide  yield  sulphuric  acid  and  nitric 

oxide. 

The  nitric  oxide  formed  in  this  decomposition  takes  up 
another  atom  of  oxygen  from  the  air,  becoming  N2O3,  and 
this  is  again  able  to  convert  a  second  molecule  of  SO2  with 
H2O  into  H2SO4,  being  a  second  time  reduced  to  N2O2,  and 
ready  again  to  take  up  another  atom  of  oxygen  from  the  air. 
Hence  it  is  clear  that  the  N2O2  acts  simply  as  a  carrier  of 
oxygen  between  the  air  and  the  SO2 ;  an  indefinitely  small 
quantity  of  this  nitrogen  trioxide  being,  therefore,  theoretic- 
ally able  to  convert  an  indefinitely  large  quantity  of  sulphur 
dioxide,  water,  and  oxygen  into  sulphuric  acid.^ 

This  process  is  carried  on,  on  the  large  scale,  in  chambers 
(often  of  a  capacity  of  50,000  or  100,000  cubic  feet)  made  of 
sheets  of  lead  supported  upon  wooden  beams  and  uprights, 
into  which  the  above-mentioned  materials  are  brought.  Fig. 
41  shows  in  a  bird's-eye  view  the  arrangements  for  the  manu- 
facture of  sulphuric  acid.  The  leaden  chambers,  of  which 
two  are  represented  in  the  figure,  are  connected  together  by  a 
wide  leaden  passage,  and  the  gases  passing  from  the  first  into 
the  second  chamber  thus  become  thoroughly  mixed.     The 

1  There  is  some  doubt  respecting  the  actual  decomposition  occurring  in  the 
leaden  chamber,  and  the  above  must  be  taken  only  as  a  general  explanation  of 
what  goes  on.    If  the  supply  of  steam  be  insufHcient,  a  solid  compound  is  formed, 

having  the  composition  SO2  {  OH^ '  '^'^  *^  decomposed,  on  addition  of  water, 

into  sulphuric  acid,  nitric  acid,  and  nitric  oxide.  This  substance,  which  has  been 
called  the  crystals  of  the  leaden  chamber^  is  supposed  by  some  to  play  an 
important  part  in  the  formation  of  sulphuric  acid. 
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sulphur  dioxide  is  procured  either  by  burning  sulphur 
cuirent  of  air,  or  by  roasting  a  mineral  called  iron  pyrites  C 
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product  is  led,  together  with  atmospheric  air,  into  the  cham- 
ber, whilst  ferric  oxide,  Fe^O,,  remains  behind  in  the  furnace. 
A  small  stove  (3),  containing  nitre,  is  placed  in  the  central 
part  of  the  furnace,  where  this  salt  is  decomposed  by  the 
action  of  sulphuric  acid  which  is  poured  upon  it,  a  sulphate 
of  potash  being  formed,  whilst  nitrous  fumes  pass  with  the 
other  gases  into  the  chamber.    Jets  of  steam  are  also  blown 
into  the  chamber  at  various  points,  from  a  boiler  (^),  and  a 
thorough  draught  is  maintained  by  connecting  the  end  of  the 
chamber  with  a  high  chimney  not  shown  in  the  figure,  but 
placed  beyond  the  tower  (d).    The  fumes,  gases,  and  air 
escaping  from  the  chamber  have  to  pass  through  this  tower 
(d)f  and  there  meet  with  a  stream  of  concentrated  sulphuric 
acid,  by  means  of  which  the  soluble  acid  vapours  are  nearly 
all  condensed  before  reaching  the  chimney.    The  sulphuric 
acid,  as  it  forms,  falls  on  to  the  floor  of  the  chamber,  and 
when  the  process  is  working  properly,  it  is  continually  drawn 
off,  attaining  a  specific  gravity  of  about  i*6o,  the  strength 
being  ascertained  by  an  arrangement  shown  in  (/),  whilst 
the  waste  gases  passing  out  of  the  chamber  should  contain 
nothing  but  nitrogen  and  small  quantities  of  nitric  oxide. 
In  order  to  obtain  from  this  weak  chamber-acid  the  pure  sul- 
phuric acid,  H2SO4,  the  excess  of  water  must  be  removed  by 
evaporation  :  this  is  conducted,  on  the  large  scale,  first,  by 
heating  the  chamber  acid  in  covered  leaden  pans  (i),  until 
the  specific  gravity  rises  to  1 72,  when  the  acid  is  known  as 
the  brown  oil  of  vitriol  of  commerce,  and  then  further  con- 
centrating in  vessels  of  glass  or  of  platinum   (as  lead  is 
attacked  by  the  strong  acid),  until  its  maximum  strength  and 
specific  gravity  is  attained.     Sulphuric  acid  thus  obtained  is 
a  thick  oily  liquid  boiling  about  338°^  and  freezing  at  lo'^'S  ; 
its  specific  g^ravity  at  0°  is  i  854.     It  combines  with  water  with 
great  energy,  absorbing  moisture  rapidly  from  the  air :  hence 
it  is  used  in  the  laboratory  as  a  drying  agent.     Great  heat  is 
evolved  when  this  acid  is  mixed  with  wat^r,  and  care  must 
be  taken  to  bring,  these  two  liquids  together  gradually ; 
otherwise  an  explosive  combination  may  ensue.     Many  or- 
ganic bodies,  such  as  woody  fibre  and  sugar,  are  completely 

y  When  boiled,  hydrogen  sulphate  undergoes  a  slight  decomposition,  sulphur 
tnoxide  being  evolved,  and  an  acid  remaining  behind  which  contains  only  98*4 
to  98*8  of  H2SO4,  and  which  at  338*  C.  may  be  boiled  down  without  further 
decomposition. 
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decomposed  and  charred  by  strong  sulphuric  acid,  whilst 
others,  such  as  alcohol,  oxalic  and  formic  acid,  are  split  up 
into  other  compounds  by  the  withdrawal  of  the  elements  of 
water  by  this  acid. 

One  molecule  of  hydrogen  sulphate  unites  with  one  of 
water  to  form  a  compound,  HjS04  +  HgO,  which  can  be 
obtained  pure  by  cooling  a  mixture  of  acid  and  water  having 
a  specific  gravity  of  178  down  to  7°  C,  at  which  temperature 
rhombic  crystals  of  the  hydrated  acid  are  formed.  The  sul- 
phuric acid  of  commerce  frequently  contains  large  quantities 
of  impurities,  especially  lead  sulphate  from  the  chamber,  and 
frequently  arsenic  from  the  pyrites,  and  nitric  acid,  as  well 
as  the  lower  oxides  of  nitrogen.  In  order  to  free  the  acid 
from  these  impurities,  it  must  be  distilled  and  subjected  to 
other  treatment,  for  a  description  of  which  the  reader  is 
referred  to  the  larger  treatises. 

At  high  temperatures  sulphuric  acid  decomposes  into  sul- 
phur dioxide,  SO2,  oxygen,  O,  and  water,  HgO  :  thus,  if  a 
current  of  the  acid  be  allowed  to  flow  on  to  red-hot  bricks, 
and  the  gases  resulting  from  the  decomposition  passed 
through  water,  the  sulphur  dioxide  will  be  completely  ab- 
sorbed, and  a  supply  of  pure  oxygen  obtained. 

Hydrogen  sulphate  is  a  dibasic  acid,  and  therefore  in  the 
case  of  the  alkali-metals,  we  have  two  salts,  thus — Hydrogen 
potassium  sulphate,  KHSO4,  and  normal  potassium  sulphate, 
K2SO4.  Barium  and  lead  sulphates  are  insoluble  in  water  : 
hence  soluble  salts  of  these  metals  are  used  as  tests  of  the 
presence  of  a  sulphate,  a  few  drops  of  solution  of  barium 
chloride,  for  example,  producing,  in  presence  of  hydrochloric 
acid,  an  immediate  white  precipitate  of  barium  sulphate  in 
water  containing  the  merest  trace  of  sulphuric  acid  or  of  a 
soluble  sulphate : 

H2SO4  +  BaCIj  =  BaS04  +  2HCI. 

Calcium,  strontium,  and  mercury  and  silver  sulphates  are 
but  slightly  soluble  in  water,  whilst  the  other  sulphates  are 
easily  soluble. 

Some  sulphates  crystallize  as  anhydrous  salts,  such  as 
K2SO4,  potassium  sulphate ;  BaS04,  barium  sulphate  ;  and 
Ag2S04,  silver  sulphate  :  whilst  others  require  water  to  re- 
tain their  crystalline  form,  and  this  water  is  termed  water 
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of  crystallization.  The  crystals  of  ferrous  sulphate  or  green 
vitriol,  and  of  zinc  sulphate  or  white  vitriol,  contain  seven 
molecules  of  water  in  the  solid  form  ;  whilst  copper  sulphate 
or  blue  vitriol  requires  but  five  molecules  to  preserve  its 
crystalline  form,  thus : 

Into:  +  7^:8  ■'  ^^  C»S04  +  SH,0. 


Thiosulphuric  Acid^  or  Hydrogen  Thiosulphate  {formerly 

called  Hyposulphurous  Acid), 

Symbol  H2S2O3. — This  acid  is  not  known  in  the  free  state. 
The  formula  of  a  metallic  thiosulphate,  such  as  that  of  sodium, 
is  Na2S203  :  this  also  contains  five  molecules  of  water  of 
crystallization.  It  is  largely  used  in  photography  for  the 
purpose  of  fixing  the  image,  the  salt  possessing  the  property 
of  dissolving  the  silver  salts  which  have  been  unacted  on  by 
the  light.  This  useful  salt,  commonly  known  as  hyposulphite 
of  soda,  is  prepared  by  passing  a  current  of  sulphur 
dioxide  into  a  mixed  solution  of  sodium  sulphide  and 
caustic  soda,  and  purifying  by  crystallization  the  sodium 
thiosulphate  obtained  : 

2NaaS  +  2NaOH  +  4SO2  =  sNoaSjOj  +  H,0. 

Hyposulphurous  Acid,  or  Hydrogen  Hyposulphite, 

Symbol  H2SO2. —  This  compound  is  formed  by  the  action 
of  zinc  on  sulphurous  acid  : 

Zn  +  2SOj  +  H2O  =  ZnSOj  +  H,SOj. 

It  consists  of  a  yellow  liquid,  which  acts  as  a  far  more 
powerful  reducing,  agent  than  sulphurous  acid,  and  at  once 
bleaches  vegetable  colouring  matters.  Hyposulphurous 
acid  readily  undergoes  decomposition  with  separation  of 
sulphur.  It  forms  a  series  of  salts,  which  are  stable  in 
the  dry  state,  but  in  solution  are  soon  converted  into  thio- 
sulphates. 

Sulphur  dioxide  not  only  combines  directly  with  oxy^etv 
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to  form  SO3,  but  also  with  chlorine  to  form  SOjClj,  sul- 
phury I  dichloride,  SO3  not  only  combines  with  a  molecule 
of  water  to  form  sulphuric  acid,  H2SO4,  but  also  with  a 
molecule  of  HCl  to  form  SO3HCI,  chlorosulphonic  acidy  or 
chlorhydrosulphuric  acid.  This  substance  is  of  interest,  be- 
cause it  is  also  produced  by  a  reaction  common  to  many 
bodies,  which  may,  like  the  acids,  be  considered  as  one  or 
more  molecules  of  water  in  which  one  or  more  atoms  of 
hydrogen  have  been  replaced  by  a  radical.  If  we  bring 
together  water  and  a  compound  of  phosphorus  and  chlorine, 
PCI5,  we  obtain  hydrogen  chloride  and  phosphorus  oxy- 
chloride : 

PCI5  +  HjO  =  POCls  +  2HCI ; 

and  if  phosphorus  pentachloride  be  added  to  concentrated 
sulphuric  acid,  the  reaction  occurs  in  two  stages  : 

(1)  PCI5  +  H2SO4     =  POCls  +  HCl  +  SO3HCI. 

(2)  PCI5  +  SO3HCI  =  POCls  +  HCl  +  SOjCl^ 

It  will  be  seen  that  in  both  these  reactions,  one  atom  of 
hydrogen  and  one  of  oxygen  are  taken  out,  and  one  atom  of 
chlorine  substituted  for  the  group  of  atoms  OH  (termed  the 
radical  hydroxy P).  Sulphuric  acid  may,  however,  be  re- 
garded as  two  molecules  of  water  in  which  two  atoms  of 
hydrogen  are  replaced  by  the  group  SO2,  called  sulphury L 


Halo 


SOj 
Ho 


} 


O, 


or 


HOH 
HOH 


SO 


OH 
«0H. 


Expressed  according  to  this  last  formula  we  can  plainly 
see  the  relations  existing  between  the  compounds  derived 
from  the  oxides  of  sulphur. 
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Chloride. 
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K  NOa 
Crystals  of  the 
Leaden  chamber. 


COMPOUNDS  OF  SULPHUR  AND    HYDROGEN. 

Two  of  these  are  known — viz.,  hydrogen  sulphide,  HjS, 
and  hydrogen  disulphide,  H2S2. 


SULPHURETTED  HYDROGEN 


Hydrogen  Sulphide,  or  Sulphuretted  Hydrogen. 

Symbol  H^,  Molecular  Weight  lyq?,,  Density  16-99.— 
This  gas  is  formed  when  hydrogen  is  led  through  boiling 
sulphur,  but  it  is  best  prepared  by  the  aciion  of  dilute  sul- 
phuric acid  upon  ferrous  sulphide  (sulphide  of  iron),  FeS, 
ferrous  sulphate  being  also  formed  : 

FeS  +  H,SOj  =  FeSOj  +  H,S, 

here  two  atoms  of  hydrogen  change  place  with  one  of 
divalent  iron.  Fig.  42  represenls  a  convenient  form  of 
apparatus  for  the  production  and  purification  of  this  gas.  It 
may  be  collected  over  warm  water,  and  is  a  colourless  gas, 


possessing  the  peculiar  odour  of  rotten  eggs  ;  it  bums  on 
application  of  a  light  with  a  bluish  flame,  forming  water  and 
sulphur  dioxide.  When  inhaled,  it  acts  as  a  poison  on  the 
animal  economy,  even  if  diluted  with  large  quantities  of  air. 
Sulphuretted  hydrogen  gas  dissolves  in  water  to  a  consider- 
able extent,  imparling  its  peculiar  smell  and  a  slightly  acid 
reaction  to  the  water.  One  volume  of  water  at  0°  dissolves 
4-37  volumes  of  the  gas,  while  at  1 5°  3'23  volumes  are  absorbed. 
Exposed  to  a  temperature  of  -  6a°,  this  gas  condenses  to  a 
colourless  mobile  liquid,  which,  when  further  cooled  to 
—  85',  freezes  to  a  transparent  ice-like  solid.  At  a  pressure  of 
about  seventeen  atmospheres  this  gas  also  liquefies  under 
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the  ordinary  temperature  of  the  air.  Sulphuretted  hydrogen 
occurs  free  in  nature  in  volcanic  gases,  as  well  as  in  the 
water  of  certain  springs ;  thus  Harrogate  waters  owe  their 
peculiar  odour  to  the  presence  of  this  gas.  It  is  likewise 
generated  by  the  putrefaction  of  animal  matters,  such  as 
albumen,  or  the  white  of  eggs,  which  contains  sulphur ;  also 
by  the  deoxidation  of  sulphates  in  presence  of  decaying 
organic  matter. 

The  composition  of  sulphuretted  hydrogen  may  be  ascer- 
tained either  by  heating  a  small  piece  of  metallic  tin  in  a 
known  volume  of  the  gas  when  tin  sulphide  will  be  formed, 
and  hydrogen  liberated  ;  or  by  decomposing  the  gas  by  means 
of  a  red-hot  platinum  wire,  when  the  whole  of  the  sulphur 
is  deposited  and  hydrogen  set  free.  In  both  cases  the  volume 
of  hydrogen  obtained  is  found  to  be  equal  to  that  of  the  gas 
employed ;  and  hence  2  volumes  of  sulphuretted  hydrogen, 
weighing  33*98,  consist  of  2  volumes  of  hydrogen  weighing  2, 
and  I  volume  of  sulphur  vapour,  weighing  31*98. 

Sulphuretted  hydrogen  is  an  invaluable  reagent  in  the 
laboratory,  as  by  its  means  we  are  enabled  to  separate  the 
metals  into  groups.  If  we  pass  a  current  of  this  gas  through 
a  solution  of  a  copper  salt,  to  which  a  small  quantity  of  acid 
has  been  added,  we  obtain  an  immediate  precipitate  of  copper 
sulphide : 

CUSO4  +  HjS  =  CuS  +  H2SO4. 

If  we  do  the  same  with  a  solution  of  an  iron  salt,  we  get  no 
such  precipitate,  because  iron  sulphide  is  soluble  in  an  acid ; 
but  on  the  addition  of  an  alkali^  iron  sulphide  is  at  once 
precipitated  : 

FeS04  +  2KOH  +  HjS  =  FeS  +  K2SO4  +  2H2O. 

We  may  thus  divide  the  metals  into  groups ;  first,  those 
which,  like  copper,  are  precipitated  by  sulphuretted  hydrogen 
from  an  acid  solution,  or  the  copper  group ;  second,  those 
which  are  not  precipitated  by  sulphuretted  hydrogen  in  an 
acid  solution,  but  which  are  so  precipitated  in  an  alkaline 
one,  or  the  iron  group ;  and  third,  those  which  are  in  no  case 
precipitated  by  this  reagent,  as  their  sulphides  are  soluble 
in  water,  acids  or  alkalis  (to  this  group  belong  the  metals  of 
the  alkalis  and  alkaline  earlhs). 
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Sulphuretted  hydrogen  is  recognized  by  its  peculiar  odour, 
and  by  the  fact  that  it  gives  a  beautiful  purple  colouration 
with  an  alkaline  solution  of  sodium  nitroprusside. 


Hydrogen  Bisulphide, 

This  substance  is  obtained  by  pouring  a  solution  of  calcium 
disulphide  into  hydrochloric  acid  : 

CaSj  +  2HCI  =  H2S2  +  CaClj. 

An  oily  liquid  falls  to  the  bottom  of  the  vessel,  which  is  the 
body  in  question.  Hydrogen  disulphide  closely  resembles 
hydrogen  dioxide  in  many  of  its  properties ;  it  possesses  a 
peculiar  smell,  bleaches,  and  readily  decomposes  into  sulphur 
and  sulphuretted  hydrogen. 


Carbon  Disulphide, 

Symbol  CSj,  Molecular  Weight  75*92,  Density  37-96.— If 
the  vapour  of  sulphur  be  passed  over  red-hot  charcoal,  a 
volatile  compound,  CS2,  is  formed  which  may  be  condensed 
to  a  heavy  colourless  liquid,  usually  possessing  a  peculiarly 
disagreeable  smell,  boiling  at  46°,  and  having  a  specific 
gravity  of  1*292.  Carbon  disulphide  is  very  inflammable,  its 
vapour  igniting  at  149°  when  mixed  with  air,  forming  carbon 
dioxide  and  sulphur  dioxide.  It  is  insoluble  in  water,  but 
acts  as  a  solvent  upon  gums,  caoutchouc,  sulphur,  and  phos- 
phorus ;  its  vapour  is,  however,  very  poisonous,  and  it  must 
be  employed  with  caution.  When  perfectly  pure  it  has  a 
pleasant  ethereal  smell,  the  unpleasant  odour  of  the  com- 
mercial article  being  due  to  impurities. 


A  remarkable  analogy  is  presented  by  the  foregoing  sulphur 
compounds  and  the  corresponding  bodies  in  the  oxygen 
series  ;  thus  : — 


Water,  H2O. 

Hydrogen  dioxide,  HjjOa. 

Carbon  dioxide,  COj. 


Sulphuretted  Hydrogen,  H2S. 
Hydrogen  disulphide,  H^Sa. 
Carbon  disulphide,  CSj. 
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These  possess  not  only  an  analogous  composition,  but  similar 
chemical  properties,  whilst  similar  relations  are  seen  in  many 
other  compounds  of  oxygen  and  sulphar. 


Chlorine  and  Sulphur. — These  elements  unite  directly  to 
form  the  compounds  SCI4,  SCI2,  and  SjCX^  :  they  are  formed 
by  leading  a  current  of  chlorine  gas  over  melted  sulphur,  and 
are  volatile  liquids,  the  tetra-chloride  existing  only  at  tem- 
peratures below  -  22°  and  decomposing  into  SCI3  and  Clj, 
whilst  the  dichloride  again  yields  on  boiling  S2CI2  +  CI2. 


LESSON  XIV 


SELENIUM 


Symbol  Se,  Atomic  Weight  78-0,  Density  78*0. — Selenium 
is  an  element  which  closely  resembles  sulphur  in  its  pro- 
perties, but  it  occurs  in  very  small  quantities ;  it  was  dis- 
covered by  Berzelius,  who  found  it  accompanying  sulphur  in 
certain  varieties  of  Swedish  pyrites.  Selenium  also  occurs 
free  in  nature,  and  is  found  in  combination  with  metals  in 
certain  rare  minerals.  Like  sulphur  it  is  capable  of  existing 
in  two  allotropic  modifications,  one  of  which  is  soluble  in 
carbon  disulphide,  the  other  insoluble  :  the  soluble  form  is 
precipitated  when  a  solution  of  selenious  acid  is  acted  upon 
by  a  reducing  agent ;  the  insoluble  modification  results  from 
the  cooling  of  melted  selenium.  The  specific  gravity  of  the 
former  variety  is  4*5  :  that  of  the  latter,  4*8.  Selenium  melts 
at  217°,  and  boils  at  a  temperature  below  a  red  heat,  giving 
off  a  deep  yellow  vapour.  In  a  finely  divided  state,  and  when 
seen  by  transmitted  light,  selenium  has  a  red  colour.  It 
bums  in  the  air  with  a  bright  blue  flame,  which,  when 
examined  by  means  of  the  spectroscope  (p.  269),  exhibits  a 
series  of  magnificent  and  characteristic  bands.     The  smell  of 

1  From  o-cX^io},  the  moon. 
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burning  selenium  is  very  peculiar,  resembling  that  of  rotten 
cabbages,  and  is  due  to  the  formation  of  an  oxide  the  com- 
position and  properties  of  which  are,  however,  as  yet  un- 
known. Only  one  oxide  of  selenium  is  known,  viz.,  selenium 
dioxide^  SeOj,  but  two  oxy-acids  of  selenium  exist,  viz. 
selenious  acid  H2Se03,  and  selenic  acid  H2Se04.  These 
form  well-defined  salts  termed  the  selenites  and  selen- 
ates  which  closely  resemble  the  analogous  sulphites  and 
sulphates. 

Selenium  Dioxide  and  Selenious  Acid^ox  Hydrogen  Seleniie, 
Symbol  Se02,  Molecular  Weight  io9'92. — The  dioxide  is 
formed  when  selenium  is  burnt  in  the  air,  or  in  pure  oxygen. 
It  may  be  also  prepared  by  oxidizing  selenium  in  nitric 
acid  or  aqua  regia.  It  is  a  white  crystalline  mass,  capable  of 
dissolving  in  water,  and  thus  forming  selenious  acidy  HjSeOg. 
From  this  solution  selenium  is  at  once  deposited  on  addition 
of  sulphurous  acid,  sulphuric  acid  being  formed  : 

HjSeOj  +  2S0j  +  HjO  =  2HJSO4  +  Se. 

The  metallic  selenites  correspond  closely  with  the 
sulphites. 

Selenic  Acid,  or  Hydrogen  Selenate.  Symbol  H2Se04. — 
This  is  best  prepared  by  fusing  a  selenite  with  nitre  :  on 
addition  of  a  lead  salt  to  the  solution  of  the  mass  thus 
obtained,  insoluble  lead  selenate  is  precipitated ;  this  salt  is 
decomposed  by  sulphuretted  hydrogen,  yielding  selenic  acid 
and  lead  sulphide : 

PbSe04  +  HaS  =  HjSe04  +  PbS. 

On  evaporating  the  liquid  obtained  on  filtration,  selenic  acid 
is  left. 

Selenic  acid  decomposes,  on  heating,  into  selenium  dioxide, 
oxygen,  and  water ;  the  metallic  selenates  correspond  to  the 
analogous  sulphates,  and  are  isomorphous  with  them,  that  is, 
they  crystallize  in  the  same  forms  and  have  an  analogous 
composition.  The  most  important  difference  between  the  two 
elements,  sulphur  and  selenium,  is  that  the  former  is  oxidized 
to  its  highest  point  by  the  action  of  nitric  acid,  whereas  the 
latter  requires  to  be  fused  with  nitre  in  order  to  reach  the 
corresponding  degree  of  oxidation. 
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Seleniuretted  Hydrogen^  or  Hydrogen  Selenide. 

Symbol  HaSe,  Molecular  Weight  8o'o,  Density  40*0. — This 
gas  is  obtained  by  the  action  of  an  acid  upon  a  selenide 
exactly  as  sulphuretted  hydrogen  is  prepared  from  a  sulphide. 
It  is  a  colourless  inflammable  gas,  possessing  a  nauseous 
smell,  and  exhibiting  properties  in  every  respect  analogous  to 
those  of  its  sulphur  representative. 


TELLURIUM.^ 

Symbol  Tq,  Atomic  Weight  125,  Density  125. — Tellurium 
is  a  very  rare  substance,  which,  although  resembling  a  metal 
in  its  physical  properties,  bears  so  strong  an  analogy  to 
sulphur  and  selenium  in  its  chemical  relations  that  its  com- 
pounds are  best  considered  in  this  place.  It  occurs  combined 
with  gold  and  other  metals  in  Transylvania  and  Hungary. 
The  specific  gravity  of  tellurium  is  6*24,  and  it  exhibits  a 
bright  white  metallic  lustre.  It  melts  at  452',  and  may  be 
volatilized  at  a  white  heat  in  a  current  of  hydrogen  gas. 
When  heated  in  the  air  it  burns  with  a  bluish-green  flame, 
forming  white  fumes  of  tellurium  dioxide^  Te02 ;  this  com- 
pound is  also  formed  when  tellurium  is  oxidized  by  nitric 
acid,  and  the  solution  evaporated  to  dryness.  With  water 
the  dioxide  forms  tellurous  acid,  H-jTeOg,  and  with  metals  in 
place  of  hydrogen,  tellurites  of  the  general  form,  MgTeOa. 
When  tellurium  or  a  tellurite  is  fused  with  nitre,  potassium 
tellurate,  K2Te04,  is  formed,  from  which  telluric  acid, 
H2Te04  +  2H2O,  and  tellurium  trioxide,  TeOg,  can  be 
obtained.  With  hydrogen  tellurium  forms  a  colourless  gas, 
telluretted  hydrogen,  HgTe,  which  cannot  be  distinguished 
by  its  smell  from  sulphuretted  hydrogen. 


Oxygen,  sulphur,  selenium,  and  tellurium  form  a  natural 
group  of  elements,  each  uniting  with  two  atoms  of  hydrogen 
to  produce  a  series  of  bodies  possessing  analogous  properties, 
viz.  HgO,  HoS,  HgSe,  HgTe.  The  last  three  members  of  the 
group  exhibit  the  same  kind  of  striking  gradation  of  properties 

1  From  tellus^  the  earth. 


xrv  SILICON  137 

as  was  noticed  in  the  case  of  chlorine,  bromine,  and  iodine. 
Thus  the  mean  of  the  combining  weights  of  the  two  extremes 
is  nearly  the  combining  weight  of  the  mean, 

31-98  +  128      ^^.^ 
-— ^ =  79  9  ; 

2 

whilst  their  specific  gravities,  2*0,  4*5,  and  6*24,  and  their 
melting  and  boiling  points,  show  a  similar  gradation. 


SILICON. 

Symbol  Si,  Atomic  Weight  28. — Silicon,  next  to  oxygen, 
is  the  most  abundant  element  known.  It  does  not  occur, 
however,  in  the  free  state,  but  always  combined  with  oxygen 
to  form  silicon  dioxide  (silicic  acid  or  silica).  Silicon  dioxide 
exists  nearly  pure  in  quartz  or  rock-crystal,  in  flint,  sand,  and 
in  a  variety  of  minerals.  Silicon  also  occurs  combined  with 
metals  and  oxygen,  forming  metallic  silicates ;  and  of  these 
the  greater  part  of  almost  all  known  rocks,  especially  the 
primary  rocks,  is  composed. 

In  order  to  obtain  silicon  in  the  free  state,  a  compound  of 
this  substance  with  fluorine  and  potassium,  potassium  silico- 
fluoride,  is  heated  with  metallic  potassium  : 

KjSiFfi  +  4K  =  6KF  +  Si. 

A  violent  reaction  occurs  ;  and  when  the  contents  of  the  tube 
in  which  the  decomposition  has  been  effected  are  put  into 
water,  silicon  is  left  undissolved  in  the  form  of  a  brown 
amorphous  powder.  It  is  however  much  more  readily  ob- 
tained by  heating  quartz-sand  with  magnesium  powder,  and 
extracting  the  silicon  from  the  pulverized  mass  by  melted 
zinc.  On  treatment  of  the  zinc-silicon  compound  with  acid, 
silicon  remains  behind  in  beautiful  steel-blue  needles,  which 
have  a  specific  gravity  of  2*49,  and  are  hard  enough  to  scratch 
glass.  These  may  be  fused  at  a  temperature  above  the  boil- 
ing point  of  zinc. 

Silicon  Dioxide^  or  Silica. 

Symbol  Si02,  Molecular  Weight  59*92,  is  the  only  known 
oxide  of  silicon  ;  it  occurs  in  the  pure  state  crystallized  in 


138  ELEMENTARY  CHEMISTRY  lesson 

six-sided  prisms  or  pyramids,  as  quartz,  and  also  in  a  second 
distinct  crystalline  form  as  tridymite.  Amorphous  silica  is 
also  found  in  nature  as  opal.  Chalcedony,  flint,  and  agate 
are  mixtures  of  amorphous  silica  with  quartz  and  tridymite. 
The  aluminum,  potassium,  calcium,  and  iron  silicates,  mixed 
together  in  different  proportions,  constitute  a  large  number 
of  minerals. 

Crystallized  silica,  in  the  form  of  a  white  transparent 
quartz,  has  a  specific  gravity  of  2*6,  and  is  hard  enough  to 
scratch  glass  ;  it  is  unattacked  and  undissolved  by  all  acids, 
with  the  exception  of  hydrofluoric  acid,  by  the  action  of 
which  silicon  tetrafluoride  and  water  are  produced  : 

SiO,  +  4HF  =  SiF4  +  2H,0. 

Tridymite  has  a  specific  gfravity  of  2*3,  and  the  same  hard- 
ness as  quartz. 

Silica  is  infusible  except  at  the  highest  temperature  of 
the  oxyhydrogen  blowpipe,  when  it  melts  to  a  colourless 
globule  ;  it  cannot  be  vaporized  at  any  known  temperature. 
Silica  in  an  amorphous  condition  can  also  be  prepared,  and 
then  exhibits  peculiar  properties.     To  obtain  it  one  part 
of  finely-divided  quartz  or  white  sand  is  heated  with  four 
parts  of  sodium  carbonate  :   as  soon  as  the  latter  begins 
to  fuse,  the  silica  combines  with  the  sodium  and  oxygen 
contained  in   the    carbonate,  forming    a    sodium    silicate, 
called   soluble   glass,  an    efiervescence    of   carbonic    acid 
gas    also    taking    place.      If   the   fused    mass   be    boiled 
with  water,  it  will  dissolve,  and  on  the  addition  of  hydro- 
chloric acid,  silicic  acid  ox  hydrogen  silicate ^  H4Si04,  partly 
separates  as  a  gelatinous  mass,  partly  remains  dissolved 
in  the  liquid.     If  this  solution  be  evaporated  to  dryness, 
heated  slightly,  and  hydrochloric  acid  then  added,  silicon 
dioxide  is  left  as  a  white  powder,  insoluble  in  acids :  this 
amorphous  silica  possesses  a  specific  gravity  of  2*2  to  2*83,  and 
can  only  be  obtained  again  in  solution  by  repeating  the  pro- 
cess of  fusion  with  an  alkali,  &c.    A  pure  aqueous  solution 
of  hydrogen  silicate  can  be  obtained  by  allowing  the  solution 
of  this  substance  in  hydrochloric  acid  to  difluse  through  a 
membrane  for  some  days.     For  this  purpose  the  solution  is 
brought  into  a  flat  drum  or  sieve  made  out  of  parchment 
paper,  and  this  is  allowed  to  float  for  some  time  in  a  large 
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quantity  of  water.  The  hydrochloric  acid  and  sodium 
chloride  pass  through  the  parchment  paper,  and  a  clear 
solution  of  pure  silicic  acid  remains  behind.  The  limpid 
liquid  thus  obtained  may  be  concentrated  by  evaporation 
until  the  quantity  of  silicic  acid  in  solution  rises  to  14  per 
cent.  ;  but  this  solution  is  apt  to  gelatinize  on  standing, 
forming  a  clear  jelly-like  mass.  This  mode  of  separating 
chemical  substances  is  termed  dialysis^  and  it  depends  upon 
the  fact  that  all  crystallizable  substances  (called  crystalloids) 
can  pass  in  solution  through  the  parchment  paper,  whilst  all 
gum-like  amorphous  substances  {colloids)^  such  as  the 
gelatinous  silicic  acid,  cannot  pass  through. 

Potassium  and  sodium  silicates  are  largely  used  for  various 
purposes  in  the  arts,  whilst  mixtures  of  these  with  silicate 
of  calcium  or  lead  form  the  several  descriptions  of  glass 
(p.  231). 

Silicon  Hydride. 

Symbol  SiH4,  is  a  colourless  gas  formed  by  the  action  of 
hydrochloric  acid  upon  a  compound  of  magnesium  and 
silicon.  It  takes  fire  on  coming  into  contact  with  the  air, 
burning  with  a  white  flame,  and  forming  water  and  silica,  the 
latter  substance  separating  out  in  the  form  of  a  white  ring- 
shaped  cloud. 

Silicon  Tetrachloride. 

Symbol  S\C\^  Molecular  Weight  169*48,  Density  Z\*7 \. — 
This  compound  is  formed  when  silicon  is  heated  in  chlorine, 
but  may  be  prepared  by  passing  dry  chlorine  over  the  pro- 
duct of  the  reaction  of  magnesium  powder  on  silica,  or  over  a 
red-hot  mixture  of  finely-divided  silica  and  carbon.  Chlorine 
alone  is  not  able  to  decompose  silica,  but  in  presence  of 
carbon  a  change  is  effected,  carbon  monoxide  being  at  the 
same  time  formed : 

SiOj  +  CI4  +  Cj  =  SiCU  +  2CO. 

Silica,  chlorine,  and  carbon  yield  silicon  tetrachloride  and  carbon  monoxide. 

Fig.  43  shows  the  arrangement  employed  for  preparing 
this  compound.    One  of  the  above-named  mixtures  is  placed 
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in  a  poraelain  tube,  which  can  be  strongly  heated  by  the  fur- 
nace ;  dry  chlorine  gas  is  passed  through  the  tube,  and  the 
volalile  silicon  chloride  collects  in  the  cool  tube,  dropping 
into  the  bottle  placed  below  to  receive  it.  Silicon  chloride  is 
a  volatile  colourless  liquid,  boiling  at  Sg^"  C  and  having  a 
Specific  gravity  of  I*;2.  It  is  at  once  decomposed  by  water, 
silicic  and  hydrochloric  acids  being  formed  :  hence  we  may 
see  that  this  body  in  the  chlorine  series  corresponds  to  silicon 
dioxide  in  the  oxygen  series,  and  that  in  the  formation  of  the 
chloride  four  atoms  of  chlorine  simply  replace  the  equivalent 
quantity,  two  atoms,  of  oxygen  in  the  silica  :  SiOj  becomes 
SiCl,,  as  one  atom  of  oxygen  is  equivalent  to  two  of  chlorine. 
Two  other  chlorides,  vii.,  SijCl,  and  SijCI^,  have  been  pre- 


If  diy  hydrochloric  acid  gas  be  passed  over  heated  silicon, 
another  substance  is  formed  together  with  silicon  tetrachlo- 
ride, to  which  the  name  of  silico-chloroform  has  been  given, 
because  its  constitution  is  similar  to  that  of  chloroform.  This 
body  is  SiHCl,,  chloroform  being  CHCl,,  and  it  boils  at  36°. 
It  is  very  inflammable,  and  burns  with  a  greenish  flame, 
evolving  dense  white  clouds  of  silica.  It  is  also  easily  de- 
composed by  water,  and  at  low  temperatures  a  while  powder 
is  formed,  having  the  composition  SijH,0„  called  silico- 
/ormic-anhydride : 


.^3H.0  =  |ifJ0}0H 


6HC1. 
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By  acting  on  white-hot  felspar  with  silicon  tetrachloride, 

an  oxychloride  of  silicon  q|  ^.^  >  O  is  formed.    This    is  a 

colourless  strongly-fuming  liquid,  boiling  at  137°,  which,  in 
contact  with  water,  decomposes  into  hydrochloric  and  silicic 
acids.  Four  other  oxychlorides  of  silicon  have  recently  been 
prepared. 

Silicon  Tetrafluoride, 

Symbol  SiF^^  Molecular  Weight  104*4,  Density  52*2. — This 
is  one  of  the  most  singular  compounds  of  silicon.  It  is  a  gas 
which  is  formed  whenever  free  hydrofluoric  acid  comes  in 
contact  with  either  free  or  combined  silica  :  this  is  the  cause 
of  the  etching  which  hydrofluoric  acid  produces  upon  glass. 
Silicon  tetrafluoride  is  best  prepared  by  heating  in  a  flask 
equal  parts  by  weight  of  finely-powdered  fluor  spar  and  white 
sand,  with  about  eight  parts  of  sulphuric  acid  ;  the  decom- 
]>osition  first  occurring  is  the  one  by  which  hydrofluoric  acid 
is  generated,  and  this,  then,  attacks  the  silica : 

(i)  CaF,  +  H2SO4  =  CaS04  +  2HF. 
(2)  4HF  +  SiOj      =  2HjO    +  SiF4. 

Silicon  tetrafluoride  is  a  colourless  gas  which  fumes  strongly 
in  the  air ;  it  does  not  burn  nor  support  combustion,  and 
may  be  condensed  by  great  pressure  or  on  exposure  to  a  very 
low  temperature,  to  a  colourless  liquid  ;  it  is  decomposed  by 
water,  but  may  be  collected  over  mercury  or  by  displacement. 
When  led  into  water  this  gas  yields  silicic  acid,  which  is 
deposited  in  a  state  of  fine  division,  and  another  acid  called 
hydro-fluo-silicic  acid^  or  hydrogen  silico- fluoride,  having 
the  composition  HgSiFg,  which  remains  in  solution; 

3SiF4  +  4HjO  =  2H2SiFe  +  H4Si04. 

This  latter  substance  has  an  acid  reaction :  the  corre- 
sponding potassium  and  barium  silico-fluorides  (K,SiFg  and 
BaSiFg),  are  insoluble  in  water  and  alcohol. 

BORON. 

Symbol  B,  Atomic  Weight  1 1  'o.— Boron  combined  with 
oxygen  and  sodium  is  found  as  borax  in  nature  ;   it  is  also 
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found  combined  with  oxygen  alone  as  boron  trioxide.  It 
exists  in  two  forms,  crystalline  and  amorphous.  Boron  is 
easily  obtained  as  a  grey  amorphous  powder,  by  heating 
fused  boron  trioxide,  BgOs,  with  sodium.  Crystallized  boron 
is  prepared  by  heating  the  amorphous  form  strongly  with 
aluminium,  this  metal  in  the  fused  state  having  the  property 
of  dissolving  boron,  which  separates  out  in  nearly  colourless 
crystals  when  the  metal  cools,  just  as  the  graphitoidal  form 
of  carbon  does  from  its  solution  in  iron  on  cooling  (p.  78), 
Crystallized  boron  has  a  specific  gravity  of  2*68,  and  occurs 
in  the  form  of  octahedra,  which  are  hard  enough  to  scratch 
the  ruby.  In  one  specimen  of  these  colourless  crystals,  which 
was  analysed,  some  quantity  of  carbon  was  found  to  be 
present ;  hence  carbon  may,  in  some  sense,  be  said  to  have 
been  prepared  artifically  in  the  diamond  modification.  Boron 
bums  when  strongly  heated  in  oxygen  or  in  chlorine,  forming 
the  oxide  or  chloride  :  it  is  remarkable  as  being  one  of  the 
few  elements  which  unite  directly  with  nitrogen,  absorbing 
this  gas  when  red-hot  with  evolution  of  light,  forming  boron 
nitride,  BN. 

Boracic  or  Boric  Acid, 

Symbol  HgBO,,  Molecular  Weight  61 '88.— In  certain  old 
volcanic  districts  in  Tuscany  constant  jets  of  steam  and  gas 
escape  from  the  earth.  These  steam  jets,  which  are  known 
zsfumeroles  or  soffioni^  contain  small  quantities  of  boric  acid, 
which  collect  in  the  lagoons  formed  at  the  mouth  of  the  jet. 
By  means. of  the  heat  of  natural  steam  jets  the  solution  of 
boracic  acid  is  concentrated,  and  the  acid  obtained  by  cry- 
stallization :  about  2,000  tons  of  crude  acid  thus  prepared  are 
imported  every  year  from  Tuscany.  Boron  likewise  occurs 
&s  tinkal  or  sodium  borate  in  Thibet  and  in  California. 

Boric  acid  is  obtained  by  decomposing  a  hot  solution  of 
borax,  Na2B407-t-ioH20,  with  sulphuric  acid  ;  crystals  sepa- 
rate out  on  cooling,  having  the  composition  HBO2+H2O. 
These  crystals  on  heating  lose  water  and  pass  into  a  fused 
glassy  mass,  consisting  of  boron  trioxide^  B2O3.  Boric  acid 
is  slightly  soluble  in  cold,  and  rather  more  soluble  in  hot 
water ;  it  imparts  a  peculiar  green  tint  to  the  blowpipe  flame, 
which  exhibits  a  characteristic  series  of  bands  when  examined 
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by  means  of  the  spectroscope.  It  possesses  strong  antiseptic 
properties  and  is  used  as  a  preservative  for  meat.  Metallic 
borates  are  known,  and  likewise  several  combinations  of  these 
borates  with  boron  trioxide.  Thus  sodium  borate,  or  boric 
acid,  in  which  the  atom  of  hydrogen  is  replaced  by  sodium, 
is  NaB02+4H20  ;  whilst  fused  borax  is  this  salt  combined 
with  boron  trioxide,  thus :  2NaB02+B203  or  NajBiOy. 
Compounds  similar  to  this  latter  salt  are  known  amongst  the 
sulphates.  Thus  Nordhausen  sulphuric  acid  is  H2S2O7  (see 
p.  125),  and  a  sodium  compound,  NajSgOy^is  known.  Many 
of  the  metallic  oxides  are. soluble  in  fused  borax,  giving 
coloured  glasses.  Hence  this  compound  is  largely  used  in 
the  arts  as  a  flux,  and  in  the  laboratory  as  a  blow-pipe  re- 
agent. 

Boron  combines  with  chlorine  to  form  a  trichloride^  BCI3, 
and  with  fluorine  to  form  a  corresponding  irifluoridey  BF3  : 
both  these  compounds  are  prepared  by  methods  similar  to 
that  adopted  for  the  corresponding  silicon  compounds,  to 
which,  notwithstanding  their  different  constitution,  they 
bear  a  strong  resemblance.  The  existence  of  a  hydride  of 
boron,  BHjjhas  lately  been  ascertained.  Like  silicon,  boron 
also  forms  a  borofluoride  ;  hydrofluoboric  acid  (or  hydrogen 
borofluoride)  is  HBF4,and  potassium  borofluoride  KBF4. 


LESSON  XV 


PHOSPHORUS 


Symbol  P,  Atomic  Weight  30*96,  Vapour  Density  6 1*92.* 
— Phosphorus  does  not  occur  free  in  nature,  but  is  found  in 
combination  with  oxygen  and  calcium  in  large  quantities  in 
the  bodies,  and  especially  the  bones  of  animals,  in  the  seeds 
of  plants  and  also  as  the  minerals  phosphorite  and  apatite. 
When  bones  are  burnt,  a  white  solid  mass  is  left  behind ; 

1  The  volume  occupied  by  the  atom  of  phosphorus  weighing  30*96  is  only  half 
as  large  as  that  occupied  by  the  atoms  of  each  of  the  preceding  elements  :  hence 
the  atomic  volume  of  phosphorus  is  i,  that  of  the  preceding  elements  being  x. 
The  molecule  of  phosphorus,  therefore,  consists  of  4  atoms. 
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this  is  called  calcium  phosphate  (phosphate  of  lime).  Ani- 
mals obtain  the  phosphate  necessary  for  the  formation  of 
their  tissues,  &c.,  from  plants.  Plants,  again,  draw  their 
supply  from  the  soil,  whilst  soils  derive  their  phosphates  from 
small  quantities  existing  in  the  oldest  granite  rocks,  by  the 
disintegration  of  which  the  fertile  soils  have  been  produced. 
In  order  to  increase  the  natural  fertility  of  soils,  artificial 
manures  containing  phosphates  are  much  used.  Phosphorus 
appears  also  to  be  a  very  necessary  ingredient  in  the  brain 
and  other  centres  of  nervous  action.  It  was  accidentally 
discovered  by  Brand  of  Hamburg  in  1669 ;  but  Scheele,  in 
1 77 1,  first  pointed  out  the  existence  of  phosphorus  in  the 
bones,  and  examined  its  properties  carefully. 

Phosphorus  is  prepared  from  powdered  bone-ash,  by  mix- 
ing it  with  two-thirds  of  its  weight  of  sulphuric  acid  and  15  to 
20  parts  of  water.  The  sulphuric  acid  decomposes  the  bone- 
ash,  forming  calcium  sulphate,  or  gypsum,  which  separates 
out  as  a  white  insoluble  powder  ;  whilst  the  greater  part  of 
the  phosphorus  in  the  bones  comes  into  solution  in  combina- 
tion with  calcium,  oxygen  and  hydrogen,  forming  calcium 
hydrogen  phosphate,  a  salt  commonly  known  as  superphos- 
phate of  limey  and  employed  in  manufacturing  artificial 
manures.  The  liquid  is  drawn  off  clear,  evaporated  down  to 
a  syrup,  and  then  mixed  with  powdered  charcoal,  dried,  and 
heated  to  redness  in  an  earthenware  retort,  the  neck  of  which 
dips  under  water.  The  soluble  phosphate  is  then  converted 
into  calcium  metaphosphate,  and  this  is  decomposed  on 
heating  as  shown  in  the  equation  : 

3Ca(P03)2  +  loC  =  P4  +  Ca3(P04)2  +  loCO. 

Calcium  Calcium 

Metaphosphate.  Triphosphate. 

The  phosphorus  is  liberated  together  with  carbon  monoxide, 
and  distils  over,  collecting  under  the  water  in  yellow  drops, 
whilst  the  other  third  remains  behind  in  the  retort  as  calcium 
triphosphate. 

Recently  phosphorus  has  been  prepared  by  the  electrolysis 
at  a  very  high  temperature  of  phosphate  of  lime. 

In  order  to  purify  the  phosphorus  manufactured  by  either 
of  the  above  processes,  it  may  again  be  distilled,  or  pressed 
when  melted  under  hot  water  through  leather;  it  is  then 
cast  into  sticks  and  kept  under  cold  water. 
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Phosphorus  is  an  exceedingly  inflammable  and  oxidiz- 
able  substance,  and  requires  great  care  in  its  preparation  : 
it  is  manufactured  on  a  very  large  scale  for  making  the 
composition  for  the  tips  of  lucifer-matches.  Phosphorus  is 
a  slightly  yellow  semi-transparent  solid,  resembling  white 
wax  both  in  appearance  and  consistency  :  but  at  low  temper- 
atures it  becomes  brittle ;  it  may  be  obtained  in  the  crystal- 
line form  by  distilling  it  in  an  atmosphere  of  carbonic  anhy- 
dride. Its  specific  gravity  is  1*83,  and  it  melts  at  44°7, 
forming  a  transparent  liquid  :  it  boils  at  290°,  giving  rise  to 
a  colourless  gas.  In  the  air  it  gives  off  white  fumes,  emitting 
a  ^^^  phosphorescent  light  in  the  dark — whence  its  name  ;^ 
it  is  then  undergoing  a  slow  combustion,  the  white  fumes 
consisting  of  phosphorous  oxide,  ^fi^'  At  a  temperature 
very  little  above  its  fusing  point  phosphorus  takes  fire  in  the 
air,  entering  into  active  combustion,  and  forming  phosphorus 
Pentoxide,  ^2^6  (°^  phosphoric  anhydride).  The  ignition  of 
phosphorus  takes  place  by  slight  friction,  or  by  a  blow,  and 
even  the  heat  of  the  hand  may  cause  this  substance  to  ignite  ; 
hence  great  care  must  be  taken  in  handling  phosphorus,  and 
it  should  always  be  cut  under  water.  Phosphorus  does  not 
dissolve  in  water,  alcohol,  or  ether,  but  it  is  slightly  soluble 
in  oils,  and  very  readily  soluble  in  carbon  disulphide,  crys- 
tallizing from  its  solution  in  this  liquid  in  rhombic  dode- 
cahedra. 

Allotropic  Modifications  of  Phosphorus, — If  yellow  phos- 
phorus be  exposed  to  a  temperature  of  about  240°  for  some 
hours  in  an  atmosphere  incapable  of  acting  chemically  on  it 
(such  as  hydrogen  or  carbon  dioxide),  it  is  found  to  have 
undergone  a  very  remarkable  change,  being  wholly  converted 
into  a  dark  red  opaque  substance,  altogether  insoluble  in 
carbon  disulphide.  The  weight  of  red  substance  produced 
is  exactly  equal  to  that  of  yellow  phosphorus  used.  This 
is  called  red  or  amorphous  phosphorus^  and  differs  much  in 
its  properties  from  the  yellow  modification,  especially  in  its 
inflammability,  as  it  does  not  take  fire  in  the  air  until  heated 
to  above  260°,  when  it  becomes  reconverted  into  the  ordinary 
form,  and  bums  with  the  formation  of  phosphorus  pentoxide. 
The  specific  gravity  of  amorphous  phosphorus  is  2*1 1.     The 

1  ^(tf«,  light,  and^^cpw,  I  bear :  lucifer^  from  lux^  light,  and  ftro^  I  bear,  it 
its  literal  I^tin  equivalent. 
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sudden  conversion  of  yellow  into  red  phosphorus  can  be 
shown  by  heating  a  small  piece  of  ordinary  phosphorus  in  a 
dry  tube  with  a  mere  trace  of  iodine  ;  combination  at  once 
occurs,  a  small  trace  of  volatile  phosphorus  iodide  is  formed, 
and  the  remainder  of  the  phosphorus  is  converted  into  the 
red  modification.  The  red  or  amorphous  modification  of 
phosphorus  can  also  be  obtained  in  a  crystallized  iorm  by 
heating  red  phosphorus  in  a  tube  with  metallic  lead.  The 
phosphorus  dissolves  in  the  melted  lead,  and  on  cooling 
separates  out  in  crystals,  which  possess  a  bright  black  me- 
tallic lustre,  and  have  a  specific  gravity  of  2-34. 


THE  OXIDES  AND  OXY-ACIDS  OF  PHOSPHORUS. 

The  only  oxide  of  phosphorus  which  acts  as  an  acid-form- 
ing oxide  is  the  pentoxide,  P2O5,  yielding  phosphoric  acid. 
Three  ether  oxides  are  known — phosphorus  oxide,  P4O,  and 
phosphorous  oxide,  P4OQ,  and   phosphorus  tetroxide  P20^. 

Phosphoric  acid  exists  in  three  modifications  : 

Orthophosphoric  acid,  H3PO4  or  P0(0H)3. 
Metaphosphoric  acid,  HPO3  or  POjj(OH). 
Pyrophosphoric  acid,    H4P2O7  or  Po(^)3(OH)4. 

Besides  these,  three  other  oxy-acids  of  phosphorus  arc 
known,  viz.  : — 

Hypophosphorous  acid,  PH(0H)2. 
Phosphorous  acid,  P(0H)3. 

Hypophosphoric  acid,     P202(OH)4. 

Phosphorus  Oxide,  Symbol  P4O,  is  a  yellow  powder, 
formed  by  heating  phosphorus  oxychloride  (p.  152)  with  me- 
tallic zinc. 

Phosphorous  Oxide,  P4O5 : — This  oxide  is  formed  together 
with  P4O  and  P2O4  when  phosphorus  is  burnt  in  a  limited 
supply  of  air.  It  crystallizes  in  thin  monosymmetric  prisms, 
melts  at  22°'5,  and  only  dissolves  very  slowly  in  water,  forming 
phosphorous  acid.  It  oxidizes  spontaneously  to  phosphorus 
pentoxide  on  exposure  to  air  or  oxygen,  and  when  heated  to 
50-60°  it  catches  fire,  burning  with  an  exceedingly  brilliant 
iidine, 
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Phosphorous  Acid ^Qx  Hydrogen  Phosphite^  Symbol  H,POs. 
— This  acid  is  formed  when  phosphorus  is  allowed  gradually 
to  oxidize  in  moist  air,  and  also  when  phosphorus  trichloride 
acts  upon  water : 

PClj  +  sHjO  =  HjPOj  +  3HCI. 

By  boiling  this  solution  the  hydrochloric  acid  is  driven  off, 
and,  on  cooling,  crystals  of  phosphorous  acid  are  deposited. 
There  are  two  classes  of  metallic  phosphites :  the  one  con- 
tains those  which  correspond  to  phosphorous  acid,  in  which 
two  atoms  of  hydrogen  have  been  replaced  by  metal ;  and 
the  second  those  in  which  one  atom  only  of  hydrogen  has 
been  thus  replaced  :  the  general  forms  of  the  two  will  there- 
fore be  M2HPO3  and  MHoPOg,  the  letter  M  denoting  an 
atom  of  a  monovalent  metal. 

Phosphorus  Tetroxide  P2O4  is  formed  from  the  products 
obtained  by  burning  phosphorus  in  a  limited  supply  of  air, 
by  heating  it  in  a  sealed  tube  at  290°.  It  forms  a  crystalline 
sublimate,  which  is  exceedingly  hygroscopic,  and  dissolves  in 
water  with  evolution  of  heat  and  formation  of  phosphorous 
and  phosphoric  acids. 


Phosphorus  Pent  oxide,  or  Phosphoric  Anhydride, 

Symbol  V^Of^y  Molecular  Weight  141 72. — This  substance 
is  formed  when  phosphorus  burns  brightly  in  excess  of  air  or 
oxygien.  It  is  a  white  amorphous  light  powder,  which  ab- 
sorbs moisture  with  the  utmost  avidity,  forming  hydrogen 
phosphate  or  phosphoric  acid,  H3PO4 :  it  is  for  this  reason 
frequently  used  in  the  laboratory  for  the  purpose  of  drying 
gases.  Phosphorus  pentoxide  is  volatile,  and  may  be  sub- 
limed unchanged  by  heating  in  a  test-tube.  It  can  be  best 
prepared  by  burning  small  pieces  of  phosphorus  placed  one 
by  one  in  a  cup  hung  in  the  centre  of  a  large  dry  glass  globe, 
and  blowing  in  a  sufficient  supply  of  dry  air  by  means  of  a 
bellows  or  aspirator.  The  white  powder  falls  down,  and 
may  be  shaken  out  of  the  globe  when  the  operation  is  com- 
pleted. 


'Ua 
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Trihydrogen  Phosphate  ( Tribasic  Phosphoric  Acid). 

Symbol  H3PO4,  Molecular  Weight  97-8.T-When  the  pre- 
ceding compound  is  brought  into  contact  with  water,  great 
heat  is  evolved,  and  combination  takes  place  with  a  hissing 
noise.  If  the  solution  be  boiled  trihydrogen  phosphate  is 
found  in  solution,  being  formed  thus  : 

P2O5  +  3H,0  =  2H3PO4. 

Trihydrogen  phosphate  is  also  formed  when  phosphorus  is 
heated  with  nitric  acid :  the  lower  oxides  of  nitrogen  are 
given  off  as  red  fumes,  and  the  phosphorus  gradually  dis- 
appears ;  by  evaporating,  and  boiling  the  colourless  liquid, 
trihydrogen  phosphate  may  be  obtained.  The  corresponding 
calcium  salt,  Ca3(P04)2,  occurring  in  bone-ash  and  in  many 
minerals,  constitutes  the  main  source  of  all  the  phosphorus 
compounds.  If  bone-ash  be  frequently  treated  with  sul- 
phuric acid  and  the  solution  evaporated,  gypsum  gradually 
separates  out,  leaving  a  solution  from  which  hydrogen  phos- 
phate can  be  obtained  by  neutralizing  with  ammonium  car- 
bonate, filtering,  evaporating  to  dryness  the  clear  liquid  thus 
obtained,  and  igniting  the  residue. 

If  sodium  carbonate  be  added  to  a  solution  of  trihydrogen 
phosphate,  effervescence  will  at  once  ensue  from  the  libera- 
tion of  carbonic  acid,  and  if  the  carbonate  be  added  until  the 
solution  ceases  to  redden  litmus  paper,  a  salt  will  be  obtained 
on  evaporation  which  crystallizes  in  large  transparent  prisms. 
This  is  rhombic  or  common  neutral  sodium  phosphate  j  its 
composition  is  represented  by  the  symbol  Na2HP04,  with 
twelve  molecules  of  water  of  crystallization.  If  caustic  soda 
be  added  to  a  solution  of  this  common  phosphate,  a  salt 
termed  the  subphosphate  crystallizes  out  in  small  needles  on 
evaporation  ;  the  composition  of  this  salt  is  Na3P04,  with 
twelve  atoms  of  water  of  crystallization.  And  if  phosphoric 
acid  be  added  to  a  solution  of  common  phosphate,  the  so- 
called  sodium  superphosphate  is  formed,  NaH2P04  ;  we  have 
therefore  the  following  tribasic  hydrogen-  and  sodium- phos- 
phates : 

Trihydrogen  Phosphate H3PO4. 

Dihydrogen  Sodium  Phosphate     .    .  H2NaP04  +  HjO. 
Hydrogen  Di-Sodium  Phosphate  .    .  HNa2P04  +  12H2O. 
Tri-Sodium  Phosphate Na3P04      +  12H2O. 
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The  three  atoms  of  hydrogen  in  trihydrogen  phosphate 
may  be  replaced  by  three  different  metals ;  thus  micro- 
cosmic  salt  is  hydrogen  sodium  ammonium  phosphate, 
HNaNH4P04+  4H2O. 

All  these  substances  are  distinguished  by  giving  a  yellow 
precipitate  with  solution  of  silver  nitrate,  consisting  of  tri- 
silver  phosphate,  Ag3P04 ;  and  by  producing  with  ammonia 
and  magnesium  sulphate,  a  white  crystalline  precipitate  of 
ammonium  magnesium  phosphate,  NH4MgP04+6H20. 

Small  traces  of  phosphates  may  readily  be  detected  by  the 
yellow  precipitate  which  forms  on  addition  of  a  nitric  acid 
solution  of  ammonium  molybdate. 


Pyrophosphoric  Acid,  or  Hydrogen  Pyrophosphate, 

Symbol  H4P2O7. — If  tribasic  phosphoric  acid  be  heated  for 
some  time  to  210°,  a  crystalline  mass  of  pyrophosphoric  acid 
is  formed  and  water  is  liberated : 

2H3PO4  =  n^Vfi^  +  H2O. 

This  acid  is  tetrabasic,  the  four  atoms  of  hydrogen  being  re- 
placeable, either  all  or  in  part,  by  metals  :  thus,  if  common 
sodium  phosphate  be  heated  to  redness,  water  is  driven  off, 
sodium  pyrophosphate,  Na4P207,  remains,  two  molecules  of 
neutral  phosphate  yielding  one  of  pyrophosphate  : 

2Na2HP04  =  H,0  +  Na4P.p7. 

When  this  salt  is  dissolved  in  water,  it  can  be  re-crystallized, 
and  does  not  take  up  water  again  so  as  to  pass  back  to  the 
state  of  common  phosphate  (except  on  long-continued  boiling 
of  its  solution).  This  substance  gives  with  silver  nitrate  a 
white  precipitate  of  silver  pyrophosphate,  Ag4P207  :  and 
thus  this  class  of  phosphates  may  be  distinguished  from  the 
preceding  or  tribasic  phosphates.  A  so-called  acid  sodium 
pyrophosphate,  having  the  composition  Na2H2P207,  is  also 
known. 


Metaphosphoric  Acid,  or  Monohydrogen  Phosphate, 

Symbol  HPO3,  is  obtained  in  the  form  of  a  transparent 
ice-like  mass  by   evaporating  the  solution  of  trihydrogen 
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phosphate  and  igniting  the  residue.  On  dissolving  this 
glacial  acid  in  cold  water,  a  solution  of  monohydrogen  phos- 
phate is  obtained  ;  but  this,  on  boiling,  changes  to  the  tri- 
hydrogen  phosphate. 

If  microcosmic  salt,  Na(NH4)HP04+4H20,  is  heated, 
water  and  ammonia  are  driven  off,  and  sodium  metaphos- 
phate^  NaPOg,  is  left :  this  dissolves  unaltered  in  water, 
forming  one  of  a  third  class  of  phosphates  termed  monobasic 
phosphates^  or  metaphosphates.  The  solutions  of  these  salts 
may  be  distinguished  from  those  of  the  two  preceding  classes 
of  salts  by  their  producing  with  solutions  of  salts  of  calcium 
and  of  silver  gelatinous  precipitates  consisting  of  the  meta- 
phosphates  of  these  metals. 

From  the  above  it  is  seen  that  three  modifications  of 
phos;:horic  acid  are  known,  or,  rather,  three  different  acids, 
each  giving  rise  to  a  class  of  metallic  salts.  Thus  we 
have— 

(i)  Trihydrogen  phosphate,  or  phosphoric  acid,  H3PO4, 
and  trisodium  phosphate,  Na3P04. 

(2)  Tetrahydrogen  phosphate,  or  pyrophosphoric  acid, 
H4P2O7,  and  sodium  pyrophosphate,  Na4P207. 

(3)  Monohydrogen  phosphate,  or  metaphosphoric  acid, 
HPO3,  and  sodium  metaphosphate,  NaP03. 

Each  of  the  above  hydrogen  phosphates  can  be  prepared 
by  passing  sulphuretted  hydrogen  through  water  containing 
in  suspension  the  corresponding  silver  salts  : 

(I)  2Ag8P04  +  3H2S  =  2H3PO4  +  sAg^S. 

(2)    Ag4P207     +    2H2S    =    H4P0O7    +    2Ag2S. 

(3)  2AgP0s    +     H2S  =  2HPO3  +  AgaS. 


Hypophosphorous  Acid, 

Symbol  H3PO2. — In  addition  to  the  phosphates  and  phos- 
phites, a  class  of  salts  termed  Hypophosphites  is  also  known. 
The  composition  of  hydrogen  hypophosphite  is  represented 
by  the  formula  HPH2O2,  and  that  of  sodium  hypophosphite 
by  NaPH202 ;  and  these  salts  may  be  supposed  to  be  hydro- 
gen or  sodium  metaphosphate,  HPO3  and  NaPOg,  in  which 
one  atom  of  oxygen  has  been  replaced  by  its  equivalent,  or 
two  atoms,  of  hydrogen.    Sodium  hypophosphite  is  obtained 
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by  acting  with  caustic  soda  on  phosphorus,  when  phosphur- 
etted  hydrogen  gas  is  evolved,  and  a  solution  of  sodium 
hypophosphite  remains  behind. 


Hypophosphoric  Acid^  Y{^^^, 

An  acid  having  the  above  composition  is  also  known. 
It  is  contained,  together  with  phosphorus  and  phosphoric 
acids,  in  the  acid  syrupy  liquid  formed  when  sticks  of 
phosphorus  partly  covered  with  water  are  exposed  to  the 
air.  It  can  be  easily  isolated,  as  it  forms  a  sparingly  soluble 
hydrogen  sodium  salt,  H2Na2P206.  Its  constitution  is  similar 
to  that  of  pyrophosphoric  acid,  as  is  shown  in  the  following 
formulae  : 

Phosphorous  Acid.  Orthophosphoric  Add. 

P(OH)3.  PO(OH)^ 

Hypophosphoric  Acid.  Pyrophosphoric  Acid. 

^     P(OH)2  ^  [  PO(OH)j. 

^  \  PO(OH)2.  ^  1  P0(0H)5i. 


PHOSPHORUS  AND  HYDROGEN. 

Three  compounds  of  phosphorus  and  hydrogen  are  known 
PH3,  a  gas  ;  V.^^^  a  liquid ;  P4H2,  a  solid  substance. 


Phosphuretted  Hydrogen,  or  Phosphine. 

Symbol  PH3,  Molecular  Weight  33*96,  Density  16*98. — 
This  gas  is  obtained  in  the  pure  state  by  the  decomposition 
of  hydrogen  phosphite  : 

4H3PO3  =  3H3PO4  +  PH3. 

or  of  the  iodide  of  phosphonium,  PH4I.     But  it  is  generally 
prepared  by  the  action  of  caustic  potash  on  phosphorus  : 

3KOH  +  \\  4-  3H2O  =  3KPH20a  +  PHj ; 

potassium  hypophosphite  being  formed.     It  is  a  colourless 
gas,  smelling  like  putrid  fish. 

Each  bubble  of  the  gas  prepared  by  the  last  method  takes 
fire  spontaneously  on  coming  in  contact  with  the  air,  forming 
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singular  rings  of  phosphorus  pentoxide,  which  expand  as 
they  rise.  Tliis  self-inflammability  of  the  gas  depends  upon 
the  presence  of  small  quantities  of  the  liquid  hydride  Pg  H4, 
which  may  be  condensed  to  a  volatile  and  very  inflammable 
liquid  by  passing  the  gaseous  hydride  through  a  tube  cooled 
by  a  freezing  mixture. 

PHOSPHORUS  AND  CHLORINE. 

Two  chlorides  of  phosphorus  are  \ino\vn— phosphorus 
trichloride^  PCI3,  2Xi^  phosphorus  pentachloride^  PCI5.  The 
first  of  these  is  a  colourless  strongly-fuming  liquid,  which 
is  easily  formed  by  passing  a  current  of  chlorine  gas  over 
phosphorus  contained  in  a  retort :  when  thrown  into  water, 
it  sinks  down  as  a  heavy  oil,  but  is  gradually  decomposed, 
hydrogen  phosphite  and  hydrochloric  acid  being  formed. 
The  specific  gravity  of  the  trichloride  is  r6i,and  its  boiling- 
point  is  76°.  Phosphorus  trichloride  rapidly  absorbs  chlorine 
gas  and  is  converted  into  the  pentachloride,  a  yellowish 
solid  substance,  which  is  also  formed  when  phosphorus  is 
burnt  in  an  excess  of  chlorine. 

Phosphorus  pentachloride  is  decomposed  in  presence  of 
excess  of  water,  forming  trihydrogen  phosphate  and  hydro- 
chloriotacid  ;  but  when  only  a  limited  quantity  of  water 
is  present,  a  liquid  t^roi^d.  phosphorus  oxy chloride  is  formed, 
having  the  composition  POCI3,  and  boiling  at  107^*2  ;  thus  : 

PCI5  +  HjO  =  POCI3  +  2HCI. 

The  oxychloride  can  also  be  obtained  perfectly  pure,  by 
heating  the  pentachloride  with  the  pentoxide  ;  t':us  : 

3PCI5  +  P2O5  =  5POCI3. 

These  compounds  are  much  used  in  chemical  research,  for 
introducing  chlorine  into  other  combinations. 

Corresponding  compounds  of  phosphorus  with  bromine 
and  iodine  are  also  known,  and  resemble  the  chlorine 
derivatives.  Phosphorus  pentafluoride^  PFg,  obtained  by  the 
action  of  phosphorus  pentachloride  on  arsenic  tri fluoride 
according  to  the  equation 

3PCI5  +  SASF3  =  3rF5  +  SASCI3 
is  a  non-inflammable  gas. 
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With  sulphur  phosphorus  forms  several  compounds  :  and 
it  is  an  interesting  fact  that  two  of  these  compounds,  P2S3, 
and  P2S5  correspond  in  composition  with  the  oxides  P2O3 
and  PjOfi,  The  oxide  corresponding  to  PjS,  however,  is  as 
yet  unknown. 


LESSON  XVI 


ARSENIC 


Symbol  As,  Atomic  Weight  74*9,  Density  of  Vapour 
149*8.^ — ^Arsenic  closely  resembles  phosphorus  in  its  chemical 
properties  and  in  those  of  its  compounds,  although  in  its 
physical  characters,  such  as  specific  gravity,  lustre,  &c.,  it 
bears  a  greater  analogy  to  the  metals  :  indeed,  it  may  be  con- 
sidered the  connecting  link  between  these  two  divisions  of 
the  elements,  antimony  and  bismuth  being  closely  connected 
with  it  on  the  one  hand,  and  phosphorus  and  nitrogen  on  the 
other.  Arsenic  is  sometimes  found  in  the  free  state,  but 
more  frequently  combined,  chiefly  with  iron,  nickel,  cobalt, 
and  sulphur.  It  is  also  contained  in  very  small  quantities  in 
many  mineral  springs.  In  order  to  separate  arsenic  from 
any  of  the  metallic  ores  in  which  it  occurs,  the  ore  is  roasted, 
Le.  exposed  to  a  current  of  heated  air  in  a  reverberatory 
furnace ;  the  arsenic  combines  with  the  atmospheric  oxygen, 
forming  arsenic  trioxide,  AsgOg,  which  is  carried  in  the  state 
of  vapour  from  the  furnace  into  long  chambers  or  flues  in 
which  the  trioxide  (commonly  known  as  arsenious  acid,  or 
white  arsenic)  is  deposited.  Metallic  arsenic  may  be  pre- 
pared from  this  oxide  by  mixing  it  with  charcoal  and  sodium 
carbonate,  and  heating  in  a  closed  crucible,  the  upper  part 
of  which  is  kept  cool :  arsenic  condenses  in  the  cool  part 
oC  this  apparatus  as  a  solid  with  a  brilliant  greyish  lustre. 
It  tarnishes  in  the  air  from  oxidation  ;  it  has  a  specific 
gravity  of  57  ;  and  when  heated  to  dull  redness,  volatilizes 

1  The  volume  occupied  by  an  atom  of  (gaseous)  arsenic  weig^hing  74*9  is  only 
half  of  that  occupied  by  the  other  elements  generally :  in  this  respect  arsenic 
resembles  phosphorus. 
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as  a  colourless  vapour  without  undergoing  fusion,  the 
vapour  possessing  a  remarkable  garlic-like  smell.  Arsenic 
when  heated  in  the  air  takes  fire,  and  burns  with  a  bluish 
flame,  forming  arsenic  trioxide,  As-^Og;  when  thrown  into 
chlorine,  it  instantly  takes  fire,  forming  arsenic  trichloride, 
AsClj. 


OXIDES  OF  ARSENIC. 

Two  compounds  of  arsenic   and   oxygen  are  known,  (l) 
Arsenic  Trioxide^  As40g ;  (2)  Arsenic  Pentoxide,  AsgOg. 

Arsenic  Trioxide. — Symbol Asfi^^y  Molecular  Weight  -^^'6^ 
Density  of  Vapour  1977. — This  substance  (commonly  called 
arsenious  acid  or  white  arsenic)  is  formed  when  arsenic  is 
burnt  in  the  air  or  in  oxygen,  but  it  is  generally  prepared 
by  roasting  arsenical  pyrites,  FeSAs ;  its  specific  gravity 
is  37.  It  exists  in  two  distinct  forms,  the  crystalline  and  the 
vitreous :  it  occurs  in  the  first  modification  crystallized  in 
brilliant  octahedra,  and  in  the  second  as  a  semi-transparent 
glass-like  solid,  devoid  of  crystalline  structure  :  this  form  of 
the  substance,  on  standing,  becomes  opaque  like  porcelain, 
diminishing  in  specific  gravity.  Arsenic  trioxide  is  slightly 
soluble  in  water  :  the  solution  (which  may  be  considered  to 
contain  true  arsenious  acid  or  trihydrogen  arsenite,  HgAsOg, 
analogous  to  phosphorous  acid)  has  a  feebly  acid  reaction. 
It  dissolves  more  readily  in  hydrochloric  acid,  and  is  freely 
soluble  in  solutions  of  the  alkalis,  arsenites  of  ike  general 
form  M3ASO3  being  formed  :  thus,  tri-silver  arsenite  is 
AggAsOg.  The  alkaline  arsenites  are  soluble  in  water ; 
those  of  the  metals  of  the  alkaline  earths  and  heavy  metals 
are  insoluble  in  water.  Sodium  arsenite  is  used  largely  in 
calico-printing  ;  Scheelc's  green  and  emerald  green  are  com- 
pounds containing  arsenic  trioxide  and  copper,  both  of  which 
are  made  in  large  quantities  for  employment  as  pigments. 
All  the  soluble  arsenites  are  dreadfully  poisonous  ;  the  best 
antidote  is  freshly-prepared  ferric  hydrate  (hydrated  ferric 
oxide),  or  magnesia,  which  form  insoluble  arsenites,  and 
thus  prevent  the  poison  from  entering  into  the  system.  When 
heated  to  about  220"  C.  arsenic  trioxide  volatilizes  without 
melting,  forming  an  inodorous  and  colourless  vapour.  It  is 
occasionally  met  with  crystallized  in  long  needles  of  the  same 
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form  as  the  crystals  of  the  corresponding  oxide  of  antimony 
(see  p.  257). 

Arsenic  Pentoxide. — Symbol  AsjO^^Molecular  Weight  22^'(i, 
— This  oxide  (commonly  called  arsenic  acid)  is  obtained  by 
acting  upon  the  trioxide  with  nitric  acid,  evaporating  to 
dryness,  and  heating  to  a  temperature  of  270°.  It  forms  a 
non-crystalline  white  powder,  which,  when  strongly  heated, 
decomposes  into  AS2O3,  and  Oj.  This  powder  is  dissolved 
by  water,  and  the  solution  yields  crystals  of  arsenic  acid,  or 
trihydrogen  arsenate,  H3ASO4 :  the  metallic  compounds 
corresponding  to  this  are  called  arsenates,  and  resemble  the 
corresponding  tribasic  phosphates  (p.  148)  in  composition, 
whilst  they  are  identical  with  them  in  crystalline  form.  Thus 
we  have — 

Trisodium  Arsenate NasAsO^      +  12H2O. 

Hydrogen  Di-sodium  Arsenate     .  HNa2As04  +  i2HjO. 
Dihydrogen  Sodium  Arsenate    .    .  HjNaAsO^  +  HjO. 
Trihydrogen  Arsenate H3ASO4. 

With  mixed  solutions  of  a  magnesium  and  an  ammonium 
salt,  soluble  arsenates,  like  phosphates,  form  an  insoluble 
precipitate,  having  the  composition  NH4MgAs04  +  6  HgO 
(ammonium  magnesium  arsenate).  The  arsenates  of  the 
alkali-metals  are  soluble,  those  of  the  other  metals  in- 
soluble, in  water.  Tri-silver  arsen^/^  is  a  characteristic  salt 
of  a  brownish-red  colour,  whereas  tri-silver  arsen//^  has  a 
bright  yellow  tint.  Arsenic  acid  acts  as  a  poison,  but  it  is 
less  powerful  than  arsenious  acid. 

No  arsenates  corresponding  to  the  pyro-  and  meta-phos- 
phates  have  been,  as  yet,  obtained  :  compounds  having  the 
composition  Na4As20y  and  NaAsOj  have  indeed  been  pre- 
pared by  heating  a  tribasic  salt ;  but  on  solution  in  water  they 
combine  again  with  it,  and  then  present  only  the  character- 
istics of  the  tribasic  acid. 


ARSENIC  AND  HYDROGEN. 

Arseniuretted  Hydrogen^  or  Arsine. — Symbol  AsHg,  Com- 
bining Weight  77*9,  Density  38*9.  This  compound,  which 
corresponds  to  phosphuretted  hydrogen,  and  to  ammonia,  is 
formed  by  decomposing  an  alloy  of  arsenic  and  zinc  with 
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sulphuric  acid.  It  is  a  colourless  gas,  possessing  a  foetid 
odour  of  garlic,  and  acts  as  a  most  deadly  poison,  the  dis- 
coverer, Gehlen,  having  been  killed  by  inhaling  a  single 
bubble  of  the  pure  gas.  When  cooled  to  -  40^,  it  condenses 
to  a  colourless  liquid.  Arseniuretted  hydrogen  bums  with  a 
bluish  flame,  and  deposits  arsenic  upon  a  cold  body  held  in 
the  flame :  below  a  red  heat  it  is  decomposed  into  arsenic 
and  hydrogen. 


ARSENIC  AND  THE  HALOGENS. 

Arsenic  unites  with  chlorine,  bromine,  and  iodine,  to  form 
arsenic  trichloride^  iribromide,  and  iri  iodide.  The  trichlo- 
ride is  a  colourless  volatile  liquid,  boiling  at  134°,  which 
decomposes  in  contact  with  water,  yielding  arsenious  and 
hydrochloric  acids. 

ARSENIC  AND  SULPHUR. 

Three  sulphides  0/ arsenic  are  known — Arsenic  Disulphide, 
AsgSg,  which  occurs  naturally  as  Realgar  j  Trisulphide,  AsgSg, 
also  occurring  in  nature  as  Orpintent;  and  Pentasulphide, 
As^Ss.  Orpiment  may  be  obtained  by  passing  a  stream  of 
sulphuretted  hydrogen  gas  through  the  acid  solution  of  the 
corresponding  oxide,  when  it  is  precipitated  as  a  yellow 
powder.  The  arsenic  sulphides  form  with  the  sulphides  of 
the  alkali-metals  compounds  bearing  the  same  analogy  to 
the  trisulphide  and  pentasulphide  that  arsenites  and  arsen- 
ates do  to  the  trioxide  and  pentoxide  :  in  short,  these  com- 
pounds are  sulphur  salts,  the  arsenites  and  arsenates  being 
oxy salts;  hence  they  are  called  j«/^^arsenites  and  sulph- 
arsenates,  thus  : 

AS2S3  +  3K2S  =  2K3ASS8, 
AsjOj  +  3K2O  =  2K3ASO8. 

Detection  of  Arsenic. 

Arsenic  possesses  characters  of  so  peculiar  a  kind,  that  its 
presence  even  in  very  minute  traces  can  be  detected  with 
certainty.  From  its  solutions  it  can  be  precipitated  as 
sulphide,  by  the  aid  of  sulphuretted  hydrogen  ;  and  this 
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sulphide,  when  dried  and  fused  in  a  small  test  tube  with  a 
mixture  of  potassium  cyanide  and  sodium  carbonate,  yields 
a  ring  of  metallic  arsenic  :  on  heating,  the  metal  is  oxidized 
to  the  trioxide,  which  deposits  in  minute  octahedral  crystals. 
These,  when  boiled  with  water,  yield  a  solution  giving  a 
bright  green  precipitate  with  neutral  copper  solutions,  and  a 
bright  yellow  one  with  neutral  silver  salts.  Arsenic  in  solu- 
tion may  be  also  detected  by  the  evolution  of  arseniuretted 
hydrogen,  on  adding  zinc  and  sulphuric  acid  to  the  solution 
to  be  tested  :  on  burning  the  gas,  arsenic  is  deposited  in  the 
metallic  state  upon  a  piece  of  cold  porcelain  held  in  the 
flame  (Marsh's  test).  This  mirror  dissolves  in  solution  of 
sodium  hypochlorite  ;  and  if  treated  with  nitric  acid,  and  the 
solution  neutralized,  yields  with  silver  nitrate  solution  a  red 
precipitate  of  tri-silver  arsenate.  Many  compounds  of  arsenic 
heated  on  charcoal  in  the  inner  blowpipe  flame  give  a  garlic 
odour  of  arsenic.  Solutions  containing  arsenic  when  boiled 
with  hydrochloric  acid  and  clean  copper,  deposit  a  coating  of 
arsenic  upon  the  copper  :  this  coating,  on  drying  and  heat- 
ing in  a  test  tube,  gives  a  ring  of  mirror  arsenic,  which 
may  be  oxidized  to  trioxide  and  tested  as  before  (Reinsch's 
test).  By  these  and  other  reactions,  the  presence  of  the 
minutest  portion  of  arsenic  may  be  detected  with  certainty. 
Great  care  must,  however,  be  taken  to  ensure  the  absence, 
in  such  toxicological  experiments,  of  every  trace  of  arsenic 
in  the  reagents  used. 


The  general  chemical  analogy  between  nitrogen,  phos 
phorus,  and  arsenic  is  well  seen  when  their  corresponding 
compounds  are  examined  :  thus  the  hydrides,  oxides,  and 
chlorides  have  an  analogous  composition. 


N203 

NA 

NH3 

NCI3 

P^Os 

P^o, 

PH3 

PCI3 

AS2O3 

AsaOj. 

AsHj. 

ASCI3. 

These  three  elements  are  all  trivalent  ox  pentavalent;  that 
is,  one  atom  of  each  of  these  bodies  is  equivalent  to,  and  cap- 
able of  replacing,  three  or  five  atoms  of  hydrogen.  Antimony 
and  bismuth  (see  pp.  256  and  258)  exhibit  in  their  chemicsi] 
relations  a  striking  resemblance  to  the  foregoing  group. 
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LESSON  XVII 

ATOMS  AND  MOLECULES 

In  the  foregoing  pages  we  have  seen  that  all  chemical 
processes  take  place  according  to  simple  unalterable  laws. 
One  of  these  laws  tells  us  that  the  elements  unite  together  to 
form  compounds  in  proportions  indicated  by  their  combining 
weights  or  in  simple  multiples  of  these  weights.  In  order  to 
explain  this  fact  we  assume  that  all  matter  is  made  up  of 
very  small  particles  which  are  chemically  indivisible  and 
which  are  termed  Atoms ^  and  the  atom  of  each  elementary 
substance  differs  essentially  from  that  of  every  other.  All 
the  atoms  of  each  element  are  alike,  and  chemical  compounds 
are  formed  by  the  approximation  of  unlike  atoms.  Hence 
the  smallest  particles  of  a  compound  consist  of  a  group  of 
atoms  ;  this  group,  which  can  be  divided  by  chemical  but 
not  by  mechanical  means,  is  termed  a  Molecule. 

The  smallest  particle  of  an  element  in  the  free  state  (that 
is  to  say  when  the  element  is  isolated  and  exists  apart  from 
other  elements)  is,  however,  not  necessarily  a  single  atom,  but 
a  group  of  atoms  (in  most  cases  two)  mechanically  indivisible, 
or  a  molecule.  This  explains  (see  also  p.  99)  why  elementary 
bodies  act  more  energetically  and  enter  more  readily  into 
combination  at  the  moment  of  their  liberation  from  a  com- 
bination (in  the  nascent  state)  than  when  in  the  free  state. 

When  chemical  changes  occur,  it  is  the  molecules  which 
react  upon  one  another,  and  the  change,  interchange,  or 
elimination  consists  in  the  alteration  of  position  of  certain 
atoms  contained  in  the  groups.  When  an  element  is  set 
free  from  a  compound  the  liberated  atoms  join  together  to 
form  molecules,  unless  some  body  is  present  with  which  the 
element  can  combine.  It  has  already  been  pointed  out 
(pp.  57  and  58)  that  equal  volumes  of  all  the  different  gases ^ 
both  elementary  and  compound,  contain  the  same  number  of 
particles  or  integrant  molecules  (Avogadro).^     This  explains 

1  It  is  not  strictly  correct  to  assume  that  each  single  atom  of  one  element 
occupies  the  same  space  as  each  single  atom  of  another  element,  or  that  the 
single  molecule  of  a  simple  compound  occupies  the  same  space  as  the  single 
molecule  of  a  more  complicated  compound,  for  interspaces  doubtless  exist 
ijetwttn  the  atoms  and  between  the  molecules. 
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the  well-known  fact  that  all  gaseous  bodies  obey  the  same 
law  of  expansion  by  heat,  and  of  alteration  of  volume  by 
alteration  of  pressure. 

In  order  to  obtain  the  molecular  weight  of  any  body  which 
is  volatile  without  decomposition,  all  we  have  to  do  is  to 
determine  how  many  times  the  gas  is  heavier  than  hydrogen, 
and  to  multiply  this  number  by  2. 


Density  of 

the  Gas  or 

Molecular 

Atomic 

Vapour. 

Weight. 

Weight. 

Hydrc^en  . 

I 

2 

I 

Chlorine    . 

•     35*37  • 

•       70*74  . 

.    35*37 

Phosphorus 

.    61  -92  . 

.    123-84  . 

.    30'9^ 

Arsenic  .    . 

.   H9'8    . 

.    2996     . 

74*9 

Mercury     . 

.     99*9    . 

.    199-8     . 

.  199-8. 

If  we  divide  this  molecular  weight  by  the  atomic  weight 
we  obtain  the  number  of  atoms  contained  in  the  molecule. 
The  molecules  of  hydrogen,  chlorine,  and  most  of  the  other 
elements  known  in  the  gaseous  state  contain  2  atoms. 
Phosphorus  and  arsenic,  however,  contain  4  atoms  in  the 
molecule,  whilst  the  molecular  weight  of  mercury  and  of 
some  other  volatile  metals  is  the  same  as  the  atomic  weight, 
or  the  molecule  of  these  elements  contains  only  one  atom. 

By  an  atom^  we  therefore  understand  the  smallest  portion 
of  a  chemical  element  which  can  enter  into  a  chemical 
compound. 

By  a  molecule^  the  smallest  portion  of  a  simple  or  com- 
pound body  which  can  occur  in  the  free  state  or  which  can 
take  part  in  a  chemical  reaction.  If  we  wish  fully  to  repre- 
sent the  alterations  which  occur  when  a  chemical  change 
goes  on  we  must  employ  molecular  formulcE ^  but  for  the  sake 
of  simplicity  we  frequently  use  atomic  formulcB. 

Thus  if  we  write  KCIO3  =  KCl  -}-  O3  we  signify  that 
potassium  chlorate  splits  up  into  potassium  chloride  and 
oxygen ;  we  know,  however,  that  this  decomposition  takes 
place  in  two  stages  : 

(i)  2KCIO3  =  KCl  +  KCIO4  +  Oo. 
(2)    KCIO4  =  KCl  +  2O2. 

And  we  see  that  in  this  case  not  less  than  one  molecule 
of  any  element  or  compound  takes  place  in  the  reaction. 
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We  can  now  explain  why  oxide  of  silver  and  hydrogen 
dioxide  when  brought  together  yield  free  oxygen  gas  (see 
p.  46). 

Silver  unites  but  feebly  with  oxygen,  and  oxide  of  silver  is 
easily  decomposed  on  heating  ;  in  the  same  way  in  hydrogen 
dioxide,  the  second  atom  of  oxygen  is  only  feebly  held  in 
combination,  and  when  the  compounds  are  brought  together 
the  two  separate  atoms  of  oxygen  from  each  compound  unite 
forming  a  molecule  of  oxygen,  the  separate  atoms  having 
a  stronger  attraction  for  one  another  than  for  the  substances 
with  which  they  are  respectively  combined.  A  similar 
explanation  may  be  given  of  the  action  of  ozone  on  hydrogen 
dioxide  (p.  46) ;  the  molecule  of  ozone  contains  3  atoms  of 
oxygen,  one  of  which  is  readily  separated,  and  this  combines 
with  the  loosely  attached  atom  of  oxygen  contained  in  the 
molecule  of  hydrogen  dioxide  : 

Ozone.        ^^o7d*"      ^*'®*"-     Free  oxygen. 

8}0.H}0;=HJ0..0|. 

Quantivalence  or  Valency  of  the  Elements, 

If  we  compare  together  the  compounds  of  the  preceding 
elements  with  hydrogen,  we  find  that  these  exhibit  a  distinct 
deference  in  combining  power.  The  first  group  embraces 
compounds,  of  which  the  molecule  contains  one  atom  of 
hydrogen  combined  with  one  atom  of  the  element.  In  the 
second,  the  atom  of  each  element  is  combined  with  2  of 
hydrogen  ;  in  the  third,  3  atoms  of  hydrogen  are  present  ; 
whilst  the  fourth  group  contains  4  atoms  of  hydrogen  in  the 
molecule. 

TT  J  Hydrochloric    Hydrobromic    Hylriodic    Hydrofluoric 

^      °^  Acid.  Acid.  Acid.  Ac.d. 

(I)     H)  H  (  H  )  H)  H) 

H  CI  Br  I  F  ( 


(2) 


yfj  Hydrogen  Hydrogen-  Hydrogen 

water.  Sulphide.  Selenide.  Telluride. 

lY     lY     g}«^     lY- 
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QUANTIVALENCE  OR  VALENCY 
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Ammonia. 

Phosphine. 

Arsine. 

H) 

HI 

HI 

H 

-N. 

H 

-p. 

H  -I^ 

H 

hJ 

H 

Methane. 

Silicon 
Hydride. 

K) 

H) 

g[c. 

H 

H  ) 

The  same  relations  are  equally  well  marked  in  the  com- 
pounds of  these  elements  with  chlorine,  or  with  any  other 
element  of  the  first  group. 


(I) 


Chlorine 
Monoxide. 

CI 


Hypochlorous 
Acid. 


CI 


o. 


H 
CI 


O. 


(2) 


Phosphorus 
Trichloride. 

CI 
CI 
CI 


nioridi 


Carbon 
Tetrachloride. 

(3)        CK 
CI 
CI 
CI 


C. 


Arsenic 
Trichloride. 

en 

Cl  J-As. 
CI  J 

Methyl 
Chloride. 

CK 
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Hypobromous 
Acid. 

"  o 

Br  j"- 
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Tri-iodide. 


i} 


As. 


H 
H 


C. 


Silicon  ^ 
Tetrachloride. 

CK 

9A 


Cli 


Si. 


Hence  it  is  clear  that  we  can  divide  the  elements  into 
certain  groups.  The  elements  of  the  first  group  combine 
atom  for  atom  with  hydrogen,  they  are  monovalent  elements 
or  monads,  and  they  possess  only  one  combining  unit.  The 
members  of  the  second  group  are  divalent^  or  may  be  termed 
dyads^  each  atom  possessing  two  combining  units  and  requir- 
ing two  monad  atoms  for  saturation.  The  elements  of  the 
nitrogen  group  and  boron  are  trivalent^  or  form  the  triad 
class ;  whilst  carbon  and  silicon  are  tetravalent<^  or  are 
termed  tetrads.  This  difference  of  combining  power  is  termed 
Quantivalence  or  Valency  of  the  elements.  The  elements 
belonging  to  one  class  are  equivalent^  and  each  one  can 
replace  the  other  in  equal  proportions.  One  atom  of  a 
dyad  is  equivalent  to  2  atoms  of  a  monad,  and  one  of  a 
triad  to  3  of  a  monad  ;  and  again  3  of  a  dyad  are  equivalent 
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to  2  of  a  triad,  &c.     The  following  equations  illustrate  this 
quantivalence. 

+  2  As- 


3S{S 


rci 

Cl  =  6IIC1  +  Asa 
CI 


Ih 

In  like  manner  the  metallic  elements  can  be  divided  into 
classes  according  to  their  valency,  their  power  of  com- 
bining with  chlorine  being  taken  as  a  measure  of  their 
quantivalence,  few   compounds  of  metals    with    hydrogen 
being  known,  thus  : 

K  I  r  Cl 

Potassium  Chloride  ^j  \       Calcium  Chloride  Ca  ■[  ^j 

fc'  .       fcl 

Antimony  Trichloride  Sb-!  Cl        Tin  Tetrachloride  Sn-{  ^i 

Ici.  181. 

The  monad  elements  unite  amongst  themselves  to  form 
only  few  and  simple  compounds  ;  but  if  an  element  possess- 
ing more  than  one  combining  unit  enter  into  combination, 
the  number  of  possible  compounds  becomes  larger.  Chlorine 
and  hydrogen  form  only  one  compound ;  in  the  case  of 
oxygen  and  hydrogen  on  the  other  hand  we  are  acquainted 
with  two  compounds.  In  hydrochloric  acid  the  two  single 
combining  units  of  the  two  atoms  are  saturated  by  mutual 
attachment ;  if  one  atom  of  monad  hydrogen  attach  itself  to 
one  of  dyad  oxygen,  one  of  the  combining  units  of  the 
oxygen  atom  is  left  unsaturated,  and  this  may  either  combine 
with  hydrogen  to  form  water  H — O— H,  or  another  atom 
of  oxygen  may  be  attached,  and  this  again  may  saturate 
itself  with  hydrogen,  and  we  obtain  hydrogen  dioxide 
H— O— O— H. 

Variation  of  Valency. 

One  and  the  same  element  may,  however,  possess  a  diflfer- 
ent  quantivalence  in  different  compounds.     Thus  it  would 
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appear  that  chlorine  is  a  monad  in  hypochlorous  acid,  a  triad 
in  chlorous  acid,  a  pentad  in  chloric  acid,  and  a  heptad  in 
perchloric  acid.  This  is  rendered  evident  by  the  following 
graphic  formulae  : 

Hypochlorous  Acid,  H — O — CI. 
Chlorous  Acid,  H— O— C1=0. 

Chloric  Acid,  H— O— Clf 

^O. 

Perchloric  Acid,  H— O— C1=0 

Similarly  sulphur  selenium  and  tellurium  are  both  tetrads 
and  hexads ;  and  the  members  of  the  nitrogen  group  both 
triads  and  pentads.  Only  one  compound  of  carbon  is,  on  the 
other  hand,  known  in  which  this  element  does  not  act  as  a 
tetrad,  and  this  is  carbon  monoxide,  in 'which  carbon  appears 
to  act  as  a  dyad.  The  pentavalent  character  of  the  elements 
of  the  nitrogen  group  is  clearly  seen  in  such  cases  as  the 
direct  combination  of  ammonia  and  hydrochloric  acid  to  form 
ammonium  chloride  : 

NH3  +  HCl  =  NH4CI. 

Then  again,  phosphorus  trichloride  absorbs  two  atoms  of 
chlorine,  and  is  converted  into  thepentachloride 

PClj  +  Clj  =  PCI5. 

These  compounds,  however,  with  the  single  exception  of 
phosphorus  pentafluoride  PFg,  only  exist  in  the  solid  or 
liquid  state ;  when  they  are  heated  they  decompose  into 
the  two  molecules  from  which  they  have  been  formed.  In 
some  cases  this  decomposition  can  be  readily  seen  ;  silver 
chloride  absorbs  ammonia  in  the  cold  and  forms  the  com- 
pound AgCI.aNHj,  but  this  compound  when  heated  decom- 
poses into  chloride  of  silver  and  gaseous  ammonia.  Other 
compounds,  such  as  pentachloride  of  phosphorus,  appear  to 
volatilize  without  decomposition,  but  in  this  case  it  can  be 
proved  that  the  vapour  is  a  mixture  and  contains  the  mole- 
cules of  two  gases,  phosphorus  trichloride  and  free  chlorine. 
The  vapour  densities  of  these  bodies,  accotdvcv^^^  ^o  won. 


i64  ELEMENTARY  CHEMISTRY  lesson 

obey  the  usual  law ;  thus  the  vapour  of  chloride  of  ammo- 
nium, if  it  consisted  of  similar  molecules,  must  possess  the 
density  of  2669.  In  fact,  however,  its  density  if  measured 
at  the  ordinary  pressure  is  only  the  half  of  this  number, 
for  four  volumes  contain  i  molecule  of  ammonia  and  i  of 
hydrochloric  acid ;  hence  its  density  (or  the  weight  of  one 

1        X  •    36*37+17*01 
volume)  IS  ^^—^^^^ — =13*34. 


Compound  Radicals, 

Not  only  then  can  the  elements  be  considered  as  possessing 
varying  quantivalence,  but  also  those  groups  of  elementary 
atoms  which  act  collectively  as  elements  and  to  which  the 
name  of  compound  radicals  is  given.  These  radicals  contain 
dyad,  triad,  or  tetrad  elements,  whose  combining  units  are 
not  completely  saturated.  Thus  nitric  acid  may  be  con- 
sidered as  water,  in  which  one  atom  of  hydrogen  is  replaced 
by  the  group  NOg,  termed  nitroxyL 


H}o     Nh°'}0. 


This  is  a  monad  radical,  for  2  atoms  of  oxygen  only  possess 
4  combining  units,  and  hence  one  of  the  five  combining 
units  of  the  nitrogen  atom  remains  free  or  unsaturated,  and 
the  group  NO2  can  take  the  place  of  a  monad  element.  In 
like  manner  the  constitution  of  all  the  oxy-acids  and  also 
the  hydroxides  can  be  represented.  These  compounds  con- 
tain the  group  OH  (water  minus  i  atom  of  hydrogen) ;  this 
group  may  be  considered  as  a  monad  radical,  and  has 
received  the  name  of  HydroxyL  That  this  radical  plays 
the  part  of  a  monad  element  such  as  chlorine  is  seen  in  the 
following  equations  : 

2HCI  +  Nag  =  H2  +  2NaCl. 
2HOH  +  Naj  =  H2  +  2NaOH. 

The  dyad  radical  carbonyl  IZCziO  is  contained  in  the 
following  compounds  : 

Carbonyl  Carbonyl  Sodium  Sodium 

Chloride.  Sulphide.  Carbonate.  Bicarbonate. 

C0{^j  CO:S         C0{8Na  co{gH^ 
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The  radical  sulphuryl  S02Z!I  is  a  dyad  radical,  and  gives  rise 
to  the  following  compounds  : 


Sulphuric 
Acid. 


Chlorosulphonic 
Acid. 


SO. 


/OH 
'\OH 


SO. 


/OH 
'\C1 


Sulphuryl 
Chloride. 

so/ci 


N  itro-Sulphonic 
Acid. 


'\C1 


SO. 


/OH 
'INOa 


Acid  Potassium 
Sulphate. 

/OK 


SO. 


\OH 


Potassium 
Sulphate. 

so/^^ 


Sulphur 
Trioxidc. 


SO. 


,{o. 


Again  in  the  oxy-acids  of  phosphorus  the  triad  radical  PO 

/ 
having  probably  the  following  constitution  OziP —  yields 

\ 


Phosphoryl 
Chloride. 

rci 


PO 


ci 
ci 


Pyrophosphoric 
Acid. 

^/PO(OH)2 

^\PO(OH)2 


Orthophosphoric 
Acid. 

roH 

POJ  OH 
tOH 

Hypophosphoric 
Acid. 

'^\P0(0H)2 


Metaphosphoric 
Acid. 

^OH 
O 


PO- 


Phosphorus 
Pentoxidc. 

PO.O 
PO.O 


°{: 


The  quantivalence  of  an  element,  or  of  a  compound 
radical,  may  be  conveniently  expressed  by  placing  the 
Roman  numerals  above  the  symbol  of  those  which  are  not 
monads,  thus  : 


II      III      IV  II  III 

H,  O,  N,  C,  NOj,  SO2,  PO,  &c. 


LESSON  XVIII 


THE  METALLIC  ELEMENTS 

The  metals  are  much  more  numerous  than  the  non-metallic 
elements  ;  there  are  at  least  fifty-three  of  the  former,  and 
fifteen  of  the  latter.  Very  many  metals  are,  however,  found 
in  small  quantities,  and  the  properties  of  some  of  these  and 
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their  compounds  are  but  little  known  ;  so  that  in  this  work 
we  shall  only  consider  the  most  important  and  commonly 
occurring  metals.^ 

It  has  already  been  stated  that  fhe  division  of  the  elements 
into  these  two  classes  is  one  of  convenience  only,  and  is  not 
founded  on  any  essential  difference :  thus  arsenic  and  anti- 
mony may,  in  some  respects,  be  considered  as  metals,  and  in 
others  as  non-metals. 

All  metals,  with  the  single  exception  of  mercury  (a  liquid), 
are  solid  at  the  ordinary  temperature ;  they  possess  a  high 
power  of  reflecting  light,  causing  tho  bright  glittering  appear- 
ance known  as  the  metallic  lustre ;  they  are  opaque,  except 
in  the  thinnest  possible  films,  when,  as  in  the  case  of  gold 
leaf,  they  allow  light  to  pass ;  they  are  better  conductors  of 
heat  and  electricity  than  the  non-metals,  and,  as  a  rule,  they 
have  higher  specific  gravities  than  these.  The  metals  differ 
widely  from  each  other,  both  in  their  physical  and  chemical 
properties,  and  are,  accordingly,  adapted  for  different  uses  : 
those  metals  which  are  lightest  exhibit  in  general  the  greatest 
power  of  union  with  oxygen,  whilst  the  heavier  metals 
undergo  oxidation  with  difficulty. 


SPECIFIC   HEAT  AND   ATOMIC   HEAT. 

When  equal  weights  of  different  bodies  are  raised  through 
the  same  number  of  degrees  of  temperature,  they  take  up 
different  amounts  of  heat ;  or  different  bodies  possess  differ- 
ent capacities  for  heat.  Thus  the  amount  of  heat  needed  to 
raise  a  kilogram  of  water  through  ioo°  C.  is  31  times  as  large 
as  that  required  to  raise  the  same  weight  of  platinum  through 
the  same  interval  of  temperature,  or  in  other  words,  the 
same  amount  of  heat  that  raises  one  kilo,  of  water  through 
100°  will  raise  31  kilos,  of  platinum  through  the  same 
temperature.  Hence  the  specific  heat  of  platinum  is  said  to 
be  ^,  or  0*032  ;  that  of  water  being  taken  as  the  unit.  The 
specific  heat  of  the  same  substance  is  different  according  as 
the  substance  is  solid,  liquid,  or  gaseous  ;  but  the  specific 
heats  of  the  metals  in  the  solid  state  exhibit  a  remarkable 
relation  to  their  atomic  weights.     It  has  been  found  that  if 

1  See  footnote,  p.  8. 
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instead  of  calculating  the  specific  heats  for  ^^/W  weights,  we 
take  the  atomic  weights  of  the  metals,  the  numbers  expressing 
the  capacity  for  heat  of  the  atoms  are  all  equal ;  or  the  metals 
all  possess  the  same  atomic  heat.  This  is  clearly  seen  if  we 
multiply  the  specific  heats  of  the  metals  by  the  corresponding 
atomic  weights  ;  thus  : 

Specific 
Heat. 
Lead 0*0315 


Platinum 
Silver 
Tin     .    . 
Zinc    .    . 


0*0324 
00570 

0*0548 
0-0955 


Atomic 

Atomic 

Weight. 

Heat. 

X 

2064 

=  6-5 

X 

196*7 

=  6-4 

X 

107*66 

=    61 

X 

117*8 

=  6-5 

X 

64*9 

=  6-2 

Hence  we  have  in  the  determination  of  the  specific  heat  a 
means  of  checking  the  atomic  weight  of  a  metal,  or  of  ascer- 
taining it  in  a  doubtful  case.  Thus,  in  the  case  of  tliallium, 
a  metal  discovered  in  1861,  chemists  were  in  doubt  whether 
it  most  resembled  lead  or  the  alkali  metals :  if  it  was  to  be 
classed  as  a  dyad  with  lead,  its  atomic  weight  must  be  407*2  ; 
if  it  was  placed  with  the  monad  alkali  metals  its  atomic 

weight  would  be  ^^-^  =  203*6.     The  specific  heat  of  thallium 

was,  however,  found  to  be  0*033  :  and  if  we  divide  this  into 
6*4,  the  common  atomic  heat  of  the  metals,  we  get  the 
number  194,  a  number  much  nearer  to  203*6  than  to  407*2. 
The  difference  here  noticed  between  194  and  203*6  is  due  to 
the  great  difficulty  of  accurately  determining  the  specific  heat 
of  bodies  and  the  errors  which  arise  from  the  variation  of 
phybical  condition. 

Another  metal,  viz.  indium,  discovered  in  1863,  was  at 
first  believed  to  be  a  dyad,  as  it  closely  resembled  zinc,  but 
as  soon  as  its  specific  heat  had  been  ascertained  to  be  0*057 
it  was  clear  that  the  atomic  weight  of  the  metal  was  not  75*6, 
as  it  had  been  assumed  to  be,  but  1*5  times  larger,  for 
1 13*4 X  0*057 =6*46.     Hence  the  chloride  is  InClj. 

The  following  non-metals  have  the  same  atomic  heat  as  the 
metals :  chlorine^  bromine^  iodine^  selenium,  tellurium^ 
arsenic. 

The  atomic  heats  of  such  elements  as  nitrogen  and 
chlorine  cannot,  it  is  true,  be  determined  in  the  solid  state, 
but  their  atomic  heats  can  be  calculated  from  the  mole- 
cular heats  of  their  soHd  compounds,  for  the  elements  in  the 
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solid  state  possess  the  same  atomic  heats  as  in  their  compounds; 
and  hence  the  molecular  heat  is  the  sum  of  the  atomic*  heats 
of  the  combined  elements,  as  is  shown  in  the  following  list : 


Silver  chloride,  AgCl  .  . 
Sodium  chloride,  NaCl  . 
Potassium  bromide,  KBr 
Tin  di-chloride,  SnCl,  . 
Mercuric  iodide,  Hgl,  . 
Platinum  potassium  1 
chloride,   KjPtCle/    ' 


Specific 

Heat. 

0*089 

0*219 

Molecular 
Weight. 

X    143 '5  = 
X      58*5    = 

> 
2 

2 

X 
X 

6-4 
6-4 

0*107 

X    119*1    = 

2 

X 

6-4 

0*I02 

X    189       = 

3 

X 

6-4 

0*0423 

X   454      = 

3 

X 

6-4 

o*ii8     X   488*6  =  9   X   6*4 


The  remaining  elements  have  all  an  atomic  heat  smaller 
than  6*4  ;  thus  the  atomic  heats  of  sulphur,  nitrogen,  boron, 
and  phosphorus  are  about  5*4 ;  of  fluorine,  5  ;  of  silicon,  4*8 ; 
of  oxygen,  4  ;  of  hydrogen,  2*3  ;  and  of  carbon,  i*8.^  In  the 
case  of  these  elements  the  atomic  heats  are  calculated  from 
the  molecular  heats  of  their  compounds  in  accordance  with 
the  above-mentioned  law,  as  the  following  examples  show  : 


oxide 


Ice,  H2O 
Mercuric 

HgO 
Arsenic    trioxide 

ASovya  .  .  • 
Calcium     carbon 

ate,  CaCOj  . 
Potassium        sul 

phate,  K2SO4 
Carbon  hexachlo 

ride,  CgClg 


Spec.    Molec.      Molec. 
Heat.  Weight.      Heat. 

0*478  X    18    =  8*6=4  +  2  X  2-3. 


'A        \ 

*  ^*  >o*048x2i6    =10*4=6*4  +  4. 

'   >o*i25xi98    =24*8  =  2x64  +  3x4. 

lo*202XIOO      =20*2  =  6*4+1*8  +  3x4. 

J-o*i96  X  1 74*2  =  34*2  =  2  X  6*4+ 5 '4+ 3  X  4. 
>  1*177x237    =42*0=2x1*8  +  6x6*4. 


Occurrence  and  Distribution  of  the  Metals, 

Only  a  few  of  the  metals  occur  in  the  free  or  uncombined 
state  in  nature  ;  in  general  they  are  found  combined  with 
oxygen,  sulphur,  or  some  other  non-metal.  These  metallic 
compounds  exist  most  variously  distributed  throughout  the 

1  The  specific  heat  of  carbon  has  been  found  to  rise  quickly  with  the  tempera- 
ture. At  800°  it  becomes  constant,  and  the  atomic  heat  is  then  under  these 
circumstances,  5*5,  and  therefore  closely  approaches  that  of  the  metals.  The 
ssant  change  is  noticed  in  the  specific  heats  of  silicon  and  boron. 
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earth's  crust ;  some  are  known  to  occur  in  only  one  or  tv/o 
localities,  and  even  then  only  in  minute  quantity,  whereas 
others  are  found  widely  distributed  in  enormous  masses.  As 
is  seen  by  reference  to  the  table  on  p.  8  the  metals  aluminium, 
iron,  calcium,  magnesium,  and  sodium  occur  in  very  large 
quantities,  forming,  when  united  with  oxygen  and  silicon,  the 
whole  mass  of  granitic  rocks  composing  our  globe  ;  but  it  is 
not  from  these  sources  that  the  metals  in  question  can  be 
obtained  for  the  purposes  of  the  arts.  For  this  object  we 
employ  other  combinations,  found  in  smaller  quantity,  from 
which  the  metals  can  be  more  easily  extracted  than  from  the 
silicates  :  and  these  compounds  are  termed  the  metallic  ores. 

The  heavy  metals  and  their  ores  generally  occur  inter- 
spersed throughout  the  old  granitic  or  early  sedimentary 
rocks  in  the  form  of  veins  or  lodes,  which  are  cracks,  or 
fissures,  running  through  the  rock  in  a  particular  direction, 
and  filled  up  with  a  metallic  ore.  Other  ores,  such  as  iron- 
stone, are  found  amongst  the  more  recent  sedimentary  forma- 
tions, having  been  deposited  in  large  masses,  probably  from 
aqueous  solution. 

The  consideration  of  the  occurrence  and  distribution  of 
the  various  metallic  ores  belongs  to  the  science  oi geology ; 
the  study  of  the  modes  of  procuring  the  ores  is  the  province 
of  the  miner  and  engineer;  whilst  the  processes  by  means  of 
which  the  metal  itself  is  obtained  from  the  ore,  although 
mainly  dependent  upon  chemical  principles,  are  generally 
classed  as  belonging  to  the  branch  science  of  metallurgy. 

Classification  of  the  Metals, 

The  metals  can  be  conveniently  grouped  into  classes,  in 
which  the  several  members  possess  certain  properties  and 
general  characters  in  common. 

Class  I.  Potassium  Group. — This  group  contains  the 
metals  of  the  alkalis.  I,  Potassium.  2,  Sodium.  3,  Caesium. 
4,  Rubidium.  5,  Lithium.  (6,  Ammonium.) — The  metals  of 
this  class  are  monovalent ;  they  are  soft,  easily  fusible, 
volatile  at  higher  temperatures  ;  they  combine  with  great 
force  with  oxygen,  decompose  water  at  all  temperatures  and 
form  basic  oxides,  which  are  very  soluble  in  vater,  yield- 
ing powerfully  caustic  and  alkaline  bodies,  hydroxides,  from 
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which  water  cannot  be  expelled  by  heat.  Their  carbonates 
are  soluble  in  water,  and  each  metal  forms  only  one  chloride. 
Ammonium,  NH4,  is  added  to  the  list  of  alkali-metals 
proper,  from  the  general  similarity  of  the  ammoniacal  salts 
to  those  of  potash  and  soda. 

These  metals  and  their  compounds  are  closely  analogous 
in  their  properties,  and  they  exhibit  a  remarkable  relation  as 
regards  their  atomic  weights  :  thus  sodium,  which  stands 
between  potassium  and  lithium  in  properties,  has  a  combin- 
ing weight  which  is  the  arithmetic  mean  of  the  other  two, 

39*04  4-7*01 

^^ =  23*02  ;  so,  too,  rubidium,  standing  half  way 

between  caesium  and  potassium,  has  a  mean  atomic  weight, 

33  "T  j9   4  _  85.Q2.    (For  further  information  see  p.  264.) 
2 

Class  II.  Calcium  Group. — This  group  contains  the  metals 
of  the  alkaline  earths. — i,  Calcium.  2,  Strontium.  3,  Barium. 
— The  metals  of  this  class  are  divalent ;  they  cannot  be 
reduced  by  hydrogen  or  carbon  alone  ;  they  decompose 
water  at  all  temperatures,  producing  oxides,  which  combine 
with  water  to  form  hydroxides,  from  some  of  which  the 
water  can  be  driven  off  by  heat.  Their  carbonates  are 
insoluble  in  water,  but  soluble  in  water  containing  carbonic 
acid  in  solution. 

Class  III  Zinc  Group. — i.  Beryllium  (or  Glucinum).  2, 
Magnesium.  3,  Zinc.  4,  Cadmium. — These  metals  are 
divalent ;  they  are  all  volatile  at  high  temperatures,  and  bum 
when  heated  in  the  air  :  they  decompose  water  at  a  high 
temperature,  or  in  presence  of  an  acid,  and  form  only  one 
oxide  and  one  chloride. 

Class  IV.  Lead  Group. — I,  Lead.  2,  Thallium. — Heavy 
metals  allied  in  their  general  properties  to  the  first  two  classes. 
Lead  is  divalent,  but  thallium  is  monovalent. 

Class  V,  Copper  Group. —  i.  Copper.  2,  Mercury.  3, 
Silver. — These  dyad  metals  do  not  decompose  water  under 
any  circumstances  ;  they  are  oxidized  by  nitric  and  strong  sul- 
phuric acids ;  each  of  these  m  tals  forms  two  basic  oxides 
which,  except  in  the  case  of  copper,  are  decomposed  by 
heat  alone. 

Class  VI.  Cerium  Group. —  i,  Scandium.  2,  Yttrium.  3, 
Cerium.     4,  Lasithanimi.     5,    Didymium.    6,   Lrbium.     7, 
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Ytterbium.  8,  Samarium. — This  group  contains  a  number 
of  rare  metals  which  at  a  high  temperature  decompose 
water  and  form  basic  sesquioxides  insoluble  in  water. 

Class  VII.  Aluminium  G'r^2//.  —  i,  Aluminium.  2,  Gal- 
lium. 3,  Indium. — These  metals  decompose  water  at  a  high 
temperature  and  form  basic  sesquioxides  insoluble  in  water. 

The  metals  of  this  group  are  distinguished  from  those  of 
the  preceding  group  by  the  power  their  sulphates  possess  of 
forming  a  peculiar  class  of  double  salts,  termed  alums,  with 
the  sulphate  5  of  the  alkalis.     The  last  two  are  rare  metals. 

Class  VIII.  Iron  Group, — i,  Manganese.  2,  Iron.  3,  Co- 
balt. 4,  Nickel. — These  are  not  volatile  at  the  temperature 
of  our  furnaces ;  they  decompose  water  at  a  high  tempera- 
ture, like  the  preceding  class,  and  they  form  several  oxides, 
chlorides,  and  sulphides. 

Class  IX.  Chromium  Group. —  i.  Chromium.  2,  Molyb- 
denum. 3,  Tungsten.  4,  Uranium. — These  metals  decom- 
pose water  at  a  high  temperature,  and  form  trioxides  which 
act  as  acid-forming  oxides  giving  rise  to  a  well-marked  class 
of  salts  ;  they  also  yield  volatile  hexachlorides. 

Class  X.  Tin  Group. — i,  Tin.  2,  Titanium.  3,  Zirco- 
nium. 4,  Thorium.  5,  Germanium. — Tin  is  the  only  one 
of  this  class  employed  in  the  arts.  These  metals  decompose 
water  at  high  temperatures  and  in  presence  of  alkalis  :  they 
form  dioxides  and  volatile  tetrachlorides,  and  are  tetravalent 
and  closely  connected  with  silicon. 

Class  XL  Antimony  Group.— \y  Antimony.  2,  Bismuth, 
3,  Vanadium.  4,  Niobium.  5,  Tantalum. — The  metals  of 
this  class  are  trivalent ;  they  form  the  junction  between  the 
metals  and  metalloids,  and  they  closely  resemble  arsenic, 
phosphorus,  and  nitrogen  in  their  properties,  and  like  these 
they  yield  pentoxides  which  are  acid-forming  bodies. 

Class  Xll.  Gold  and  Platinum  Group. —  i.  Gold.  2,  Plati- 
num. 3,  Palladium.  4,  Rhodium.  5,  Ruthenium.  6,  Iridium. 
7,  Osmium. — Gold  and  platinum  are  not  acted  upon  by  nitric 
acid,  but  only  by  chlorine  or  aqua  regia,  and  the  oxides  are 
reduced  by  heat  alone  ;  and  they  with  silver  and  mercury  con- 
stitute the  noble  metals.  Gold  is  trivalent,  and  platinum  is 
tetravalent.  The  remaining  members  of  this  group  always 
occur  together  with  platinum,  and  are  therefore  termed  the 
platinum  metals. 
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Physical  Properties  of  the  Metals, 

Specific  Gravity, — The  following  table,  giving  the  specific 
gravities  of  the  most  important  metals  (water  at  0°  C  =  roo), 
shows  the  great  variation  which  they  exhibit  in  this 
respect : — 

Table  of  Specific  Gravities, 

Iron 7*8 

Tin 73 

Zinc 6*9 

Antimony 67 

Arsenic 5*9 

Chromium 7*3 


Osmium 22*5 

Iridium 22*4 

Platinum 21  5 

Gold      193 

Mercury 13*596 

Thallium      11 -8 

Palladium 11*4 

Lead 11  4 

Silver 105 

Bismuth 9'8 

Copper 8*9 

Nickel       8-8 

Cadmium 86 

Cobalt       8*5 

Manganese 8'o 

Fusibility, — The  melting-points  of  the  metals  differ  even 
more  widely  than  their  densities  ;  mercury  fusing  at  40°  below 
zero,  and  the  metal  gallium  at +30°,  whilst  platinum  does 
not  melt  until  the  highest  temperature  of  the  oxyhydrogen 
blowpipe  has  been  reached. 

List  of  Melting-points. 


Aluminium 2*67 

Strontium 2  54 

Magnesium 1*74 

Calcium 1*58 

Rubidium 1*52 

Sodium 0*974 

Potassium 0*865 

Lithium       ......  0*594 


Mercury    ••...*     -40" 

Gallium +30° 

Potassium 62° '5 

Sodium      95°*6 

Tin 235"* 

Bismuth    . 270" 

Cadmium 315° 

Lead 334" 


Antimony 425° 

Zinc 433° 

Silver i,cco° 

Copper      i»090*' 

White  Cast  Iron  ....  1,050° 
Grey        ditto       ....  1,200° 


Steel 


1,300   to  1,400 


Wrought  Iron  .  1,500°  to  1,600° 


Other  Physical  Properties. — Some  of  the  metals  can  be 
easily  converted  into  vapour,  or  volatilized  :  thus  mercury 
boils  at  350",  and  zinc  at  940°,  arsenic  passes  into  vapour 
even  before  it  assumes  the  liquid  form,  whilst  potassium, 
sodium,  magnesium,  zinc,  and  cadmium  can  be  distilled  at 
a  red-heat.     Even  the  more  infusible  of  the  metals,  such  as 
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copper  and  gold,  are  not  absolutely  fixed,  but  give  off"  small 
quantities  of  vapour  when  strongly  heated  in  a  furnace. 

The  colour  of  most  of  the  metals  is  nearly  uniform,  varying 
from  the  bright  white  of  silver  to  the  bluish-grey  of  lead ; 
copper  is  the  only  red-coloured  metal  known,  whilst  gold, 
strontium,  and  calcium  are  yellow.  In  ductility,  or  the 
power  of  being  drawn  out  into  wire,  and  malleability,  or  the 
power  of  being  hammered  out  into  thin  sheets,  the  metals 
differ  considerably.  Gold  is  the  most  malleable  of  all  the 
metals,  and  is  capable  of  being  beaten  out  to  the  thickness  of 
^inftnju^^  part  of  an  inch  :  it  is,  likewise,  the  most  ductile 
metal.  Other  metals  possess  this  property  in  lesser  degree, 
whilst  some,  such  as  antimony  and  bismuth,  are  brittle,  and 
may  easily  be  powdered.  Hardness,  brittleness,  and  tenacity 
are  physical  properties  of  great  importance,  in  which  the 
metals  differ  widely. 


Chemical  Properties  of  the  Metals, 

The  metals  combine  (i)  with  each  other  to  form  alloys; 
(2)  with  the  non-metals  to  form  oxides,  sulphides,  chlorides, 
&c.  In  the  alloys  the  metallic  appearance  and  properties  are 
preserved,  whereas  in  the  compounds  with  the  nietalloids  the 
physical  properties  of  the  metals  as  a  rule  disappear. 


Alloys, 

The  compounds  formed  by  the  metals  amongst  themselves 
are  not  so  definite  as  those  which  are  formed  by  union 
with  a  non-metal  ;  nevertheless  the  alloys  are  largely  used 
in  the  arts,  as  they  possess  many  valuable  properties  not 
exhibited  by  the  metals  separately.  Thus  gold  and  silver 
are  too  soft  to  be  used  alone  as  a  medium  of  currency, 
but  the  addition  of  75  per  cent,  of  copper  gives  an  alloy 
of  the  requisite  hardness.  Then  copper  is  too  soft  and 
tough  to  be  wrought  in  the  lathe,  but  when  alloyed  with 
half  its  weight  of  zinc  it  forms  a  hard  and  most  useful  sub- 
stance known  as  brass.  Gun-metal,  or  bronze,  is  a  hard 
and  tenacious  alloy  of  90  parts  of  copper  and  10  of  tin. 
Bell-metal,  a  still  harder  alloy,  contains  the  same  metals  in 
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the  proportion  of  80  of  the  former  to  20  of  the  latter  ;  whilst 
an  alloy  of  33  parts  of  tin  to  67  of  copper  possesses  a  white 
colour,  takes  a  high  polish,  and  is  known  as  speculum-metal, 
and  employed  for  the  reflectors  of  telescopes.  For  making 
printing  type  a  peculiar  alloy  is  employed,  containing  80 
parts  of  lead  to  20  of  antimony  :  this  possesses  many  pro- 
perties, necessary  for  type  metal,  which  are  found  to  belong 
to  no  single  metal  or  other  alloy. 

The  chemical  composition  of  the  alloys  is  not  so  definite 
or  so  well  marked  as  that  of  the  other  metallic  compounds, 
but  they  may  frequently  be  obtained  in  crystals,  in  which  the 
constituents  are  contained  in  atomic  proportions.  The  melt- 
ing point  of  an  alloy  is  often  much  lower  than  the  melting 
points  of  its  constituent  metals.  Thus  lead  melts  at  334°, 
bismuth  at  270°,  tin  at  235°,  and  cadmium  at  315°  ;  whereas 
an  alloy  of  two  parts  bismuth,  i  of  tin  and  i  of  lead,  melts 
at  95°  to  98^,  and  one  containing  8  of  lead,  1 5  of  bismuth,  4 
of  tin,  and  3  of  cadmium  softens  at  as  low  a  temperature  as 
60°,  and  is  perfectly  fluid  at  65°.  Potassium  and  sodium 
also  unite  together  forming  an  alloy  which  is  liquid  at  the 
ordinary  temperature.  The  alloys  of  metals  with  mercury  are 
termed  Amalgams, 


Absorption  of  Hydrogen  by  certain  Metals, 

Hydrogenium, — There  are  many  chemical  reasons  for 
supposing  that  hydrogen  is  the  vapour  of  a  highly  volatile 
metal,  and  not  only  is  liquid  hydrogen  said  to  possess  a  steel- 
blue  colour,  but  it  has  also  been  found  possible  to  absorb 
hydrogen  by  certain  metals.  Thus,  for  instance,  metallic 
palladium  takes  up  no  less  than  982  volumes  of  hydrogen 
gas,  forming  a  veritable  alloy  of  the  metal  with  hydrogenium, 
or  hydrogen  in  its  solid  form.  From  the  increase  in  bulk 
(owing  to  absorption  of  hydrogen)  which  the  palladium 
undergoes  when  placed  as  the  negative  electrode  in  acidu- 
lated water,  the  density  of  hydrogenium  has  been  found  to 
be  0733  ;  it  has  also  been  shown  to  conduct  heat  and  elec- 
tricity, and  to  be  magnetic,  in  these  respects  acting  like  a 
metal.  Other  metals  than  palladium,  such  as  platinum  and 
iron,  possess  this  same  power  of  condensing  hydrogen,  but 
to  a  less  extent.     The  fact  that  red-hot  platinum  and  iron 
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are  porous  for  hydrogen  may  be  explained  by  the  absorption 
(or  occlusion)  of  this  gas  on  the  one  side  of  the  metallic  tube 
or  plate  and  its  evaporation  at  the  other  side.  A  metallic 
meteorite  (Lenarto)  has  been  found  to  contain  about  twice 
its  volume  of  absorbed  hydrogen,  whilst  in  terrestrial  iron 
carbonic  oxide  gas  is  chiefly  found  to  be  absorbed.  Hence 
we  may  conclude  that  the  Lenarto  meteorite  had  its  origin  in 
an  atmosphere  in  which  hydrogen  gas  predominates.  (See 
Spectrum  Analysis.) 

Compounds  of  the  Metals  ^ith  Non-metals', 

Metallic  Oxides. — Oxygen  acts  very  differently  on  the 
different  metals.  Some  metals,  such  as  zinc,  magnesium, 
and  calcium,  take  fire  when  heated,  and  burn  with  the  evolu- 
tion of  intense  light ;  whilst  others,  such  as  gold  and  silver, 
do  not  combine  directly  with  oxygen,  and  are  only  obtained 
in  combination  with  it  by  indirect  means  and  with  difficulty. 

The  oxides  differ  widely  in  properties  and  composition : 
they  may,  however,  all  be  represented  as  water  in  which  the 
hydrogen  has  been  replaced  by  metal.  Thus  the  monoxides 
may  be  considered  to  be  water  in  which  either  each  atom  of 
hydrogen  is  replaced  by  a  monad,  as  KgO,  AggO,  or  the  two 
atoms  of  hydrogen  may  be  replaced  by  a  dyad,  as  BaO,  ZnO  ; 
whilst  the  higher  oxides  are  regarded  as  two  or  more  mole- 
cules of  water,  in  which  the  hydrogen  is  in  like  manner 
replaced  by  its  equivalent  of  metal.  The  most  important  of 
these  higher  oxides  are  the  sesquioxides,  such  as  alumina, 
AI2O3,  and  ferric  oxide,  FcgOg ;  the  dioxides,  such  as  black 
oxide  of  manganese,  MnOg ;  the  trioxides,  as  chromium 
trioxide,  CrOg. 

The  oxides  may  be  divided  into  (i)  Basic  oxides j  (2) 
Peroxides;  (3)  Acid-forming  oxides. 

Basic  Oxides.—  If  only  a  portion  of  the  hydrogen  in  water 
be  replaced  by  metal,  the  resulting  compound  is  termed  a 
Hydroxide:  thus  by  the  action  of  potassium  on  water, 
hydrogen  is  liberated  and  caustic  potash,  KOH,  potassium 
hydroxide,  is  formed.  The  hydroxides  of  the  dyad  metals 
may  be  considered  as  two  molecules  of  water  in  which  one 
atom  of  metal  replaces  two  atoms  of  hydrogen  ;  thus  calcium 
hydroxide  is   Ca(0H)2.     The  hydroxides  corresponding  to 
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Normal  and  Acid  Salts, — If  all  the  replaceable  hydrogen 
in  an  acid  be  exchanged  for  metal,  a  normal  salt  is  said  to  be 
formed  ;  if  only  a  portion  of  the  hydrogen  be  replaced,  the 
resulting  compound  is  termed  an  acid  salt :  thus 

.  KCl,       KNOs,       KaS04,      CaSO^,       NajPO^, 

are  all  normal  salts  ;  KHSO4  is  an  acid  salt.  Dibasic  acids 
form  both  a  normal  and  an  acid  salt  with  monad  metals,  but 
only  a  normal  salt  with  dyad  metals,  thus  : 

SO,OH.OK.       SO,(OK)^       SOjOjCa. 
Polybasic  acids  yield  several  acid  salts  :  thus 

roH 

rOH  fOH  roH  ^^In? 

P04  0H        POJONa        P04o\^  /  n  T^a. 

ioNa.  toNa.  lo/^^-       PO i  OH 

(oh 

The  greater  the  number  of  atoms  of  replaceable  hydrogen 
contained  in  any  acid,  the  greater  will  of  course  be  the 
number  of  acid  salts  which  this  acid  is  capable  of  forming  : 
thus  we  have  Na3P04  ;  l.OgHPG^;  NaH2P04 ;  H3PO4. 

Basic  salts  are  those  formed  by  the  combination  of  a  normal 
salt  with  a  basic  oxide  or  hydroxide,  thus  : 


Pb 


JONO2    .    pk/OH  _  ^pu/ONOj. 
ioNo'  +  P^ioH  =  ^P^tOH 

This  basic  lead  nitrate  is  obtained  by  boiling  a  solution  of 
lead  nitrate  with  lead  hydroxide. 

Anhydro-Salts. — A  fourth  class  of  salts  is  formed  by  the 
combination  of  a  nonnal  salt  with  an  anhydride  or  acid- 
forming  oxide.  These  salts  were  formerly  also  called  acid 
salts ;  they  are  now  generally  termed  anhydro- salts.  One  of 
the  most  common  is  potassium  anhydro-chromate  or  bichro- 
mate of  potash,  K2Cr207  ;  this  is  a  compound  of  the  normal 
salt  K2Cr04,  with  chromic  anhydride  or  chromium  trioxide, 
Cr03. 

.OK 
CrO,<: 

\0K 


k 


CRYSTALLOGRAPHY  179 

Jllie  constitution  of  the  other  classes  of  salts  will  be  best  un- 
l^erstood  from  the  special  descriptions. 

Many  of  the  metallic  salts  when  crystallized  contain  a 
I  definite  number  of  molecules  of  water  ;  and  this  is  termed 
I  wtiier  of  crystallization. 

Metals  also  unitewithnitrogen,  phosphorus,  boron,  silicon, 
carbon,  and  hydrogen  ;  such  of  these  compounds  as  deserve 
[  inention  in  these  Lessons  will  be  found  described  under  the 
L  special  heads. 


LESSON  XIX 

CRYSTALLOGRAPHY 

Most  chemical  substances,  when  they  pass  from  the  liquid 
orgaseousinto  the  solid  state,  assume  some  detinite  geometric 
form,  or  are  said  to  crystallise.  Crystals  are  produced  wheo 
a  substance,  such  as  nitre,  is  dissolved  in  water  and  the  solu- 
tion allowed  gradually  to  evaporate  ;  or  when  a  body,  such 
as  sulphur,  is  melted  and  allowed  to  solidify  by  cooling  ;  or 
when  a  volatile  substance,  such  as  iodine  or  arsenic  trioxide, 
is  vaporised,  and  the  vapour  condensed  on  a  cool  surface. 
Many  naturally  occurring  minerals  exhibit  very  perfect  crys- 
talUne  forms.  We  are  ignorant  of  the  mode  in  which  such 
crystals  are  in  most  cases  produced,  but  we  know  that  the 
process  of  their  formation  has  been  a  very  slow  one  ;  and  we 
find  that,  in  general,  a  crystal  is  larger  and  more  perfect  the 
more  gradually  it  has  been  formed.  Crystalline  bodies  ex- 
hibit, in  addition  to  their  regular  form,  a  peculiar  power  of 
splitting  in  certain  directions  more  readily  than  in  others, 
called  cleavage;  and  also  in  many  cases  the  property  of 
allowing  the  rays  of  light  and  heat  to  pass  more  readily  in 
one  direction  than  another,  giving  rise  to  the  well-known 
phenomena  of  double  refraction. 

Inorganic  bodies  which  do  not  exhibit  these  peculiarities, 
or  assume  crystalline  structure,  such  as  glass  and  glue,  are 
said  to  be  amorphous.  But  certain  highly  complicated 
•tructures  found  in  the  vegetable  and  animal  world  e-shft>\V  -a. 
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structure  which,  although  it  is  ron-crvHtalUnc,  is  not  devoid 
of  arrangement,  and  lo  which  the  name  organised  or  cellular 
structure  has  been  given. 

As  a  rule,  every  particular  substance  possesses  a  de<inite 
form  in  which  it  always  crystallises,  and  by  which  it  can  be 
distinguished.  When  a  crystal  is  formed,  from  aqueous  solu- 
tion, for  example,  the  smallest  visible  particle  possesses  the 
complete  form  of  the  largest  crystal,  and  simply  increases  in 
siie  without  undergoing  any  change  of  form. 

Systems  of  CrystaUiigraphy.~\X.  has  been  found  possible  to 
arrange  the  many  thousand  different  known  crystals  in  six 
systems,  to  each  of  which  belongs  a  number  of  forms  having 
some  property  in  common.  In  order  to  classify  these  different 
crystals,  the  e^iistence  of  certain  lines  within  the  crystal  called 


axes  is  supposed,  round  which  the  form  can  he  symmetrically 
built  up.  These  axes  are  assumed  to  intersect  in  the  centre 
of  the  crystal,  and  pass  through  from  one  side  to  the  other. 

1st,  or  Regular  System. — Three  axes,  all  equal  and  at  right 
angles.— The  simplest  forms  of  this  system  are  (i)  the  cube 
(Fig.  44) ;  (2)  the  regular  octohedron  (Fig.  45) ;  (3)  the 
rhombic  dodecahedron  (Fig.  46) ;  and  (4)  the  regular  tetra- 
hedron (Fig.  47).  The  following  are  a  few  of  the  substances 
crystallizing  in  this  system^diamond,  alum,  common  salt, 
fluor-spar,  iron  pyrites,  and  garnet. 

ir.d,  or  Hexagonal  System. — Four  axes,  three  equal  and  in 
one  plane,  making  angles  of  60°,  and  one  longer  or  shorter, 
at  right  angles  to  the  plane  of  the  other  thtee,— The  regular 
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1  six-sided  prism  (Fig-  48),  the  same  with  the  addition  of  the 
r  regular  siu-sided  pyramid  (Fig.  49),  and  the  rhombohedron 


I   (Fig.  50),  are  the  common  forms  of  this  system.      Quz 
^calc-spac,  beryl,  corundum,  graphite,  ice  (whose  hexagonal 


EUEHOTTAKY  CHE1I15TBT  UMOT 

■yd,  at  Qfta^alu  Sj'ttfm.—Tbnx  axes,  all  at  right  nwglrt, 
CMC  ihontr  or  tanker  than  ibe  otfaer  twix — Tbe  aMi})le  Coma 
<if  llui  fystaa  are  the  fiist  ai^  iccmmI  li^it  square  pn^as 

rFiE*.  51  and  51J,  and  tbe  first  aiKliBcaiid  riEfatsqaare  octo- 
hedra  'Figs.  5]  and  j4).  la  tbe  fin*  square  prian  the  axes 
terminate  in  the  centre  of  each  oftlK  sides,  and  in  the  second 
llie  axes  leiminate  at  the  intersection  of  tbe  sides ;  and  this 
It  rcTcrsed  with  regard  to  the  octohedra.  Scxne  of  the 
a  substance;  which  ciystalliie  in  1" ' 


1 


yellow  prussiate  of  potash,  zircon,  and  tin  dioKide. 

ilA,  or  Khambie  System. — Three  aces,  a!l  unequal,  and  all 
II  right  nnglca.— The  chief  forms  of  ihe  crystals  in  this 
syWcm  arc  the  right  octohedron  with  rhombic  base  (Figs. 
55  and  56),  and  Ihe  right  rhombic  prism  (Fig.  57).  In  this 
syitem  the  following  substances  are  found — nitre,  barium 
lulpliatc,  iirragonite,  topaz,  and  native  sulphur. 

lih  MtinocliiiU  or  Monosymmetric  System,— T\\ttt  ases, 
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all  unequal  :  two  cut  one  another  obliquely,  and  one  is  at 
right  angles  to  the  plane  of  the  other  two. — The  oblique 
rhombic  octohedron  (Fig.  s3)  belongs  to  this  system.  Many 
substances  crystallize  in  this  system  ;  amongst  the  most 
common  are  ^sulphur  deposited  from  fusion,  sodium 
carbonate  and  phosphate,  ferrous  sulphate,  borax,  and  cane 
sugar. 

6lh,    Tridimc  or  Asymmitrie  System. — Three   axes,  all 
unequal,  and  all  oblique. — The  doubly-oblique  octohedron 


and  the  doubly-oblique  prism  (Fig.  59J  are  the  leading  forms 
in  this  system.  Copper  sulphate,  boric  acid,  the  mineral 
alblte,  potassium  bichromate,  and  a  few  other  substances 
are  to  be  found  to  crystalliie  in  this  system,  the  forms  of 
which  are  in  general  very  complicated.  The  crystalline 
form  of  copper  sulphate  is  shown  in  Fig.  60. 

Under  one  or  other  of  these  six  divisions  all  the  known 
of  crystals  can  be  classed.     In  every  distinct  crystal. 


belonging  to  any  one  of  these  systems,  in  which  the  axes  are 
not  all  equal,  or  all  at  right  angles,  certain  relations  exist 
between  the  lengths  of  the  a:ces,  and  these  base 
mutual  inclinations  to  one  another.  These  relations  and 
inclinations  vary  with  ditTcrent  substances,  but  are  constant 
for  the  same  ;  so  that  different  bodies,  all  crj' stall izing  in  the 
same  system,  as  a  rule,  have  different  relations  between  the 
lengths  of  the  axes,  and  these  generally  have  different  in- 
clinations to  one  another. 


Isomorphism  and  Dimorphism.— Cer\z\n  substances  ex- 
hibiting a  similarity  in  their  chemical  constitution  are  found 
to  crj'Etallize  in  the  same  forms  ;  these  are  said  to heisotnor- 
thous ;  whilst,  when  the  same  body  occurs  crystallized  in 
two  dilTerent  systems,  it  is  said  to  be  dimorphous.  Examples 
of  these  peculiar  relations  between  chemical  composition  and 


crystalline  form  will  be  g 


n  later  o; 


LESSON  XX 
Class  I. — The  Potassium  Gkoop 

r,  Lilhium, 

POTASSIUM 

Symhol K  {kalium).  Atomic  Weight  3904, Specific Crmiily 
HC865. — The  metal  potassium  wns  discovered  in  the  year 
180?,  by  Sir  Humphry  Davy,  who  decomposed  the  alkali 
potash  into  the  metal,  hydrogen,  and  oxygen,  by  means  of 
a  powerful  galvanic  current.  Before  this  time  the  alkalis 
and  alkaline  earths  were  supposed  to  be  elementary  bodies. 
The  metal  is  now  prepared  by  heating  together  potash  and 
carbon  to  a  high  temperature  in  an  iron  retort.  The  carbon 
at  the  high  temperature  is  able  to  take  the  oxygen  from  the 
potash,  forming  carbon  monoxide,  which  escapes  as  a  gas, 
whilst  the  metal  potassium,  which  is  volatile  at  a  red  heat, 
distils  over.  The  preparation  of  this  metal  is  attended  with 
many  diFRcukies,  and  requires  special  precautions,  as  the 
vapour  of  potassium  not  only  takes  fire  when  brought  in 
contact  with  the  air,  but  decomposes  water,  combining  with 
the  oxygen  and  liberating  hydrogen.  Hence  the  metal  was 
formerly  condensed  in  a  receiver  filled  with  rock-oil  ;  a  black 
explosive  compound  of  the  metal  with  carbon  monoxide  was 
thus  frequently  formed,  and  caused  several  fatal  accidents. 
The  vapour  of  the  metal  is  now  condensed  as  it  comes  out  of 
the  retort,  in  a  hollow  cast-iron  box,  from  which  the  liquid 
metal  drops  into  a  ves'sel  placed  below  containing  petroleum. 
The  arrangement  of  furnace,  retort,  and  condenser  is  seen 
in  Fig.  61. 

Potassium,  thus  prepared,  is  a  bright,  si Iver- white  metal, 
which  can  be  easily  cut  with  a  knife  at  the  ordinary  atmo- 
spheric temperatnre  ;  it  is  brittle  at  0°,  melts  at  d'f'l,  and 
does  not  become  pasty  before  melting  ;  when  heated  to  a 
lemperalure  below  red  heat,  potassium  sublimes,  yielding  a 
fine,  green-coloured   vapour.     This   metal   rapidly  absotba 
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oxygen  when  exposed  to  the  air,  and  gradually  becomes  con- 
verted into  a  white  oxide.  Thrown  into  water,  one  atom  of 
potassium  displaces  one  of  hydrogen  from  the  water,  forming 
k  hydroxide,  or  caustic  potash,  KOH.  This  takes 
place  with  such  force  that  the  heat  developed  is  sufficient  to 
ignite  the  hydrogen  thus  set  free,  and  the  flame  becomes 
tinged  with  the  peculiar  purple  tint  characteristic  of  the  potas- 
sium compounds,  whilst  the  water  attains  an  alkaline  reaction 
from  the  potash  which  is  formed.     Potassium  also  combines 

^^^  directly  with  chlorine  and   sulphur,  and  many  other  non- 

^^^V  melais,  evolving  heat  and  light. 

^^H  Sourceioftke  Potassium  Cempoufids.— The  original  source 

t 

I  of  which  the  earlh  is  compnscci,  as  (hcsc  contain  from  two  to 

I  three  per  cent,  of  this  metal.     Up  to  the  present  time,  this 

'  source  has  not  been  used  for  the  manufacture  of  the  potas- 

^^^  Slum  salts,  as  no  cheap  and  easy  mode  has  yet  been  made 

^^^L  available  for  separating  the  potash  from  the  silicic  acid,  with 
^^^V  which  it  is  combined  in  felspar.  Plants,  however,  are  able 
^^^P  slowly  to  separate  out  and  assimilate  the  potash  from  these 
^^*  rocks  and  soils  ;  so  that  by  burning  the  plant  and  extracting 

the  ashes  with  water,  a  soluble  potassium  salt  is  obtained. 
This  is  the  crude  potassium  carbonate,  called,  when  purified 
by  re-cry  stall  izal  ion, /«ar/-aj^  ;  and  it  is  from  this  substance 
that  a  large  number  of  the  potassium  compounds  are  ob- 
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ined.  Some  of  the  other  potassium  salts,  such  as  the 
and  chloride  are  found  in  large  quantities  in  various 
localities  as  deposits  on  the  surface,  or  In  the  interior,  of  the 
earth.  The  chief  source  of  potassium  compounds  at  the 
present  time  is  the  large  deposit  of  salts  at  Stassfurt  in 
Germany,  where  potassium  chloride  occurs  in  beds  together 
with  rack  salt.  These  beds  also  form  the  most  important 
source  of  bromine  (p.  Iio).  Another  inexhaustible  source  of 
potassium  compounds  is  sea-water  :  a  plan  has  been  pro- 
posed by  which  those  compounds  can  be  obtained  from  the 
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Potassium  Monoxide,  KjO,  is  obtained  by  allowing  thin 
pieces  of  the  metal  to  oxidize  in  dry  air  ;  it  is  a  greyish- 
white,  brittle  substance,  which  melts  a  little  above  red-heat, 

id  volatilizes  only  at  a  very  high  temperature.    This  oxide 

combines  with  water  with  evolution  of  great  heat,  producing 

potassium  hydroxide,  or  caustic  potash,  from  which  water 

again  be  separated  by  heat.     The  reaction  may  be 

represented  as  an  exchange  of  hydrogen  for  potassium  : 

K,0  +  H,0  =  2KOH. 


The  Ptrexide  is  produced  when  potassium  Is  oxidized  at 
'Ugh  temperatures. 

Potassium  Hytiroxide,  or  Caustic  Potash,  KOH,  is  pre- 
pared by  boiling  one  part  of  potassium  carbonate  with  twelve 
parts  of  water,  and  adding  slaked  lime  prepared  from  two- 
thirds  part  of  quicklime.  In  this  reaction  calcium  carbonate 
(chalk)  is  formed,  which  falls  to  the  bottom  as  a  heavy 
powder,  caustic  potash  remaining  in  solution.  The  clear 
liquid,  which  should  not  effervesce  on  addition  of  an  acid,  is 
evaporated  in  a  silver  basin  to  dryness,  fused  by  exposure 
to  a  stronger  heat  and  cast  into  sticks  in  a  metallic  tnould. 
Thus  prepared  caustic  potash  is  a  white  substance,  soluble 
in  half  its  weight  of  water,  and  acts  as  a  powerful  cautery, 
destroying  the  skin.     It  is  largely  used  in  the  arts  and 
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manufactures   for   soap-making,  and   is   employed  in  the 
laboratory  for  various  purposes. 


Salts  of  Potassium, 

Potassium  Carbonate,  K2CO3. — This  salt  receives  the 
commercial  name  of  potashes,  or  pearl-ashes,  and  is  im- 
ported in  large  quantities  from  Russia  and  America.  The 
crude  substance  is  prepared  by  boiling  out  the  ashes  of 
plants  with  water,  and  evaporating  the  solution  to  dryness  : 
a  pure  salt  may  be  afterwards  obtained  by  crystallization. 
The  leaves  and  small  twigs  of  plants  contain  more  potash 
than  the  stems  and  large  branches.  Potassium  carbonate 
can  be  obtained  perfectly  pure  by  heating  pure  potassium 
tartrate  to  redness,  and  separating  the  carbonate  formed 
by  dissolving  in  water.  This  salt  absorbs  water  from  the 
air,  or  is  deliquescent,  and  is,  therefore,  very  soluble  in 
water ;  it  also  turns  red  litmus  blue,  possessing  a  strongly 
alkaline  reaction. 

Hydrogen  Potassium  Carbonate  {Bicarbonate  0/  Potash)^ 
HKCO3. — T^^s  substance  is  formed  when  a  current  of 
carbonic  acid  gas,  COg,  is  passed  through  a  strong  solution 
of  the  preceding  salt.  It  may  be  considered  as  dibasic 
carbonic  acid,  HgCOg,  in  which  one  atom  of  hydrogen  is 
replaced  by  one  of  potassium.  It  is  a  white  salt,  not  so 
soluble  as  potassium  carbonate ;  its  solution  is  nearly 
neutral  to  test  paper. 

Potassium  Nitrate  {Nitre  or  Saltpetre),  KNO3. — This  im- 
portant salt  occurs  as  an  efflorescence  on  the  soil  of  several 
dry  tropical  countries,  especially  that  of  India.  It  may  be 
artificially  prepared  by  the  process  of  **  nitrification,"  in 
which  animal  matter  (containing  nitrogen)  mixed  with  wood- 
ashes  and  lime  is  exposed  in  heaps  to  the  action  of  the 
air;  the  organic  matter  gradually  undergoes  oxidation, 
nitric  acid  being  formed  ;  and  this  unites  with  the  lime 
and  the  potash  to  form  nitrates.  The  salt  is  obtained  from 
both  of  these  sources  by  boiling  out  the  soil  or  deposit  with 
water,  adding  potassium  carbonate  to  decompose  the  nitrate 
of  calcium,  and  allowing  the  nitre  to  crystallize  out.  Nitre 
crystallizes  in  rhombic  prisms,  dissolves  in  seven  parts 
of  water  at  15°,  and  in  its  own  weight  of  hot  water.    It 
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contains  nearly  half  its  weight  of  oxygen,  with  which  it  parts 
on  heating  with  carbon  or  other  combustible  matter ;  for 
this  reason,  nitre  is  largely  used  in  the  manufacture  of  gun- 
powder and  fireworks. 

Gunpowder  consists  of  an  intimate  mixture  of  nitre,  char- 
coal, and  sulphur.  The  decomposition  which  occurs  when  gun- 
powder is  fired  may  be  generally  expressed  by  saying  that  the 
oxygen  of  the  nitre  combines  with  the  charcoal,  forming 
carbonic  acid  and  carbonic  oxide,  whilst  the  nitrogen  is 
liberated,  and  the  sulphur  combines  with  the  potassium. 
Hence  gunpowder  can  bum  under  water  or  in  a  closed  space, 
as  it  contains  the  oxygen  needed  for  the  combustion  in  itself ; 
and  the  great  explosive  power  of  the  substance  is  due  to  the 
violent  evolution  of  large  quantities  of  gas,  and  a  rapid  rise 
of  temperature,  causing  an  increase  of  bulk  sudden  and  great 
enough  to  produce  what  is  termed  an  explosion.  It  has  been 
found  by  practice  that  the  best  gunpowder  is  that  which  con- 
tains nearly  two  molecules  of  nitre  to  one  atom  of  sulphur 
and  three  of  carbon  ;  but  the  decomposition  which  actually 
occurs  in  the  explosion  is  a  more  complicated  one  than  has 
been  expressed  above,  and  cannot  be  represented  in  an  equa- 
tion. The  following  table  gives  the  composition  of  musketry 
powder,  as  manufactured  by  different  nations  : 


Nitre 

Charcoal     .... 
Sulphur  ..... 

1 

English 

and 
Austrian. 

Prussian 

Chinese. 

French. 

75 

15 
10 

75 

13*5 
II  5 

757 
144 

99 

750 
125 
125 

100 

100 'O 

100 'O 

lOO'O 

Potassium  Chloride^  KCl. — This  salt  occurs  in  certain 
saline  deposits,  as  at  Stassfurt,  and  also  exists  in  large 
quantities  in  sea-water  :  it  crystallizes  in  cubes  like  sodium 
chloride,  and  is  now  much  employed  for  the  preparation  of 
other  potassium  salts. 

Potassium  Chlorate^  KCIO3. — The  action  of  chlorine  on 
potash  and  the  production  of  this  salt  have  been  already 
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explained  (see  page  X07).  It  is  manufactured  on  the  large 
scale  by  decomposing  calcium  chlorate,  made  by  saturating 
hot  milk  of  lime  with  excess  of  chlorine,  by  means  of 
potassium  chloride,  thus : 

Ca(ClOj),  +  2KCI  =  CaCl,  +  2KC10j. 

Potassium  chlorate  being  but  slightly  soluble  in  cold  water 
separates  out  in  large  tabular  crystals,  whilst  the  soluble 
calcium  chloride  remains  dissolved.  It  is  used  for  the 
preparation  of  oxygen  gas,  for  pyrotechnic  purposes,  in  the 
manufacture  of  lucifer  matches,  and  in  calico-printing  as  an 
oxidising  agent. 

Potassium  Iodide^  KI. — A  very  soluble  salt,  crystallizing  in 
cubes,  obtained  by  dissolving  iodine  in  solution  of  caustic 
potash,  evaporating,  and  igniting  the  solid  mass.  Iodide  of 
potassium  is  used  in  photography,  and  acts  as  a  valuable 
medicine. 

Potassium  Sulphate^  K2SO4,  is  contained  in  the  ashes  of 
both  sea-  and  land-plants,  and  is  only  slightly  soluble  in 
water.  A  second  sulphate,  termed  hydrogen  potassium 
sulphate,  HKSO4  (or  bisulphate  of  potash)  is  a  soluble  salt 
obtained  in  the  process  of  the  manufacture  of  nitric  acid. 

Potassium  Sulphides. — Potassium  combines  with  sulphur 
to  form  several  compounds  of  which  the  best  known  are 
K^S,  K2S2,  K2S3,  and  K2S5.  They  are  soluble  substances, 
which  evolve  sulphuretted  hydrogen  when  heated  with  an 
acid,  and  are  not  used  in  the  arts. 

By  passing  sulphuretted  hydrogen  gas  into  a  solution  of 
caustic  potash  until  it  is  saturated,  a  compound  termed  hydro- 
gen potassium  sulphide^  HKS,  is  formed. 

General  Characteristics  of  the  Potassium  Compounds, 

All  the  potassium  compounds  impart  a  violet  colour 
to  the  flame,  and  the  spectrum  of  this  flame  (see  Frontis- 
piece, Spectrum  No.  2  ;  also  p.  266,  Spectrum  Analysis) 
is  distinguished  by  the  presence  of  two  bright  lines  ;  one 
in  the  red,  and  another  in  the  violet.  Almost  all  the 
potassium  salts  are  soluble  in  water  :  the  three  which  are 
least  soluble  are — (i)  potassium  perchl orate  ;  (2)  hydrogen- 
potassium  tartrate  (cream  of  tartar),  which  is  precipitated 


in  the  form  of  a  white  crystalline  powder,  when  a  solution  of 
a  potassium  salt  is  mixed  with  an  excess  of  tartaric  acid  : 
3^°d  (3)  potassium  platinl chloride,  2(KCl}+PtCl4,  which 
separates  in  small  yellow  cubical  crystals,  when  platinic 
chloride  solution  is  added  to  a  soluble  potassium  salt.  These 
reactions  serve  to  distinguish  the  potassium  salts. 


Symbol  Na  {natrium),  Atomic  Weigki  22'99,  Specific 
Gravity  O'g?. — This  metal  was  discovered  by  Davy  im- 
mediately after  the  isolation  of  potassium,  by  the  decom- 
position of  soda  with  the  galvanic  current,  and  it  is  now 
manufactured  in  large  quantities  for  the  preparation  of  other 
metals,  esp)ecially  magnesium  and  aluminium.  The  method 
of  manufacture  adopted  until  recently  was  similar  to  that 
described  for  potassium,  v\i.  heating  carbon  and  sodium 
carbonate.  An  improvement  was  then  made  in  the  process 
by  heating  caustic  soda  with  a  compound  of  iron  and  carbon, 
the  sodium  distilling  over.  In  place  of  these  methods  of 
distillation  sodium  is  now  largely  manufactured  by  the  electro- 
lysis of  caustic  soda,  the  metal  being  thus  obtained  directly  in 
the  liquid  condition  :  it  is  now  sold  at  4^.  per  lb.  Sodium 
is  a  silver-white  metal,  soft  at  ordinary  temperatures,  and 
melting  at  9S°'6  ;  it  volatilizes  below  a  red-heat,  yielding  a 
colourless  vapour.  When  thrown  upon  water  it  floats,  and 
rapidly  decomposes  the  water  with  disengagement  of  hydro- 
gen, soda  being  formed.  If  the  water  be  hot  or  be  thickened 
with  starch,  the  globule  of  metal  becomes  so  much  heated  as 
to  enable  the  hydrogen  to  take  fire.  The  compounds  of 
sodium  are  very  widely  diffused,  being  contained  in  every 
speck  of  dust  (see  Spectrum  Analysis,  p.  266)  ;  they  exist  in 
enormous  quantities  in  the  primitive  granitic  rocks  (see 
p.  8),  but  they  are  most  readily  obtained  from  sea-water, 
which  contains  nearly  three  per  cent,  of  sodium  chloride 
(common  or  sea-salt),  or  from  the  large  deposits  of  this 
substance  which  occur  in  Cheshire,  Galicia,  &c.  Sodium 
carbonate  was  formerly  obtained  from  the  ashes  of  sea-plants 
or  kelp,  as  potassium  carbonate  is  still  prepared  from  the 
I   Kihes  of  land  plants  ;  but  at  present  the  sodium  carbonate  is 
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altogether  manufactured,  on  an  enormously  large  scale,  from 
common  salt. 

Sodium  Oxides. — There  are  two  compounds  of  sodiimi  and 
oxygen  known— Sodium  Oxide,  NagO ;  and  Sodium  Dioxide, 
NaaOj. 

Sodium  Oxide,  Na20,  is  formed  when  sodium  is  oxidized  in 
dry  air  or  oxygen  at  a  low  temperature,  a  white  powder  being 
formed  :  this  takes  up  moisture  with  great  avidity,  forming 
NaOH,  sodium  hydroxide y  or  caustic  soda,  from  which  water 
cannot  again  be  separated  by  heat  alone,  but  which  can  be 
converted  into  the  oxide  by  heating  with  sodium  ;  thus : 

NaOH  +  Na  =  NaaO  +  H. 

Sodium  Dioxide,  Na202,  is  a  yellowish-white  powder, 
which  is  formed  when  sodium  is  heated  in  oxygen  to  200°  ; 
it  is  soluble  in  water,  but  the  solution  readily  decomposes, 
giving  off  oxygen  and  leaving  sodium  hydroxide. 

Sodium  Hydroxide,  or  Caustic  Soda,  NaOH,  is  a  white 
solid  substance,  fusible  below  a  red-heat,  and  less  volatile 
than  the  corresponding  potassium  compound.  It  is  very 
soluble  in  water,  acts  as  a  caustic,  is  powerfully  alkaline, 
and  is  largely  used  in  soap-making.  The  manufacture  oif 
solid  caustic  soda  is  now  carried  on  on  a  large  scale,  by 
boiling  lime  and  sodium  carbonate  together  with  water,  and 
evaporating  down  the  clear  solution,  when  a  white  fibrous 
mass  remains.  It  deliquesces  in  the  air,  and  when  moist 
absoibs  carbon  dioxide  ;  it  melts  at  about  a  red-heat : 

Ca(OH)2  +  NaaCOa  =  CaCOj  +  2NaOH. 


Salts  of  Sodium, 

Sodium  Chloride  (Common  Salt),  NaCl.— It  is  from  this 
salt  that  almost  all  the  other  sodium  compounds  are  pre- 
pared. Sodium  chloride  occurs  in  thick  beds  in  various 
parts  of  the  world,  especially  in  Cheshire,  Galicia,  Tyrol, 
Spain  and  Transylvania.  It  is  likewise  prepared  from  sea- 
water  by  evaporation  or  by  freezing ;  and  from  certain  brine 
springs  by  evaporation.  When  slowly  deposited  sodium 
chloride  crystallizes  in  large  regular  cubes.     It  is  soluble  in 
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a  and  a  half  parts  of  water  at  1 5",  and  dissolves  very 
■e  in  hot  than  in  cold  water. 
Sodium  Carbonate,  NajCOj.— This  substance,  known  in 
soda-ask,  is  manufactured  in  England  on  an 
s  scale,  and  used  for  glass-making,  soap-making, 
f  bleaching,  and  various  other  purposes  in  the  arts.  Formerly 
it  was  prepared  froui  barilla  or  the  ashes  of  sea-plants,  but 
now  it  is  wholly  obtained  from  sea-salt  by  a  series  of 
chemical  decompositions.  The  first  and  older  mode  of 
manufacture  is  termed,  from  its  discoverer,  the  Leblanc  pro- 
cess. The  second  and  newer  method  is  called  the  a 
soda  process. 


The  Leblanc  process  may  be  divided  into  two  stages, 
(l)  Manufacture  of  sodium  sulphate,  or  salt-cake,  from 
sodium  chloride  (common  salt) ;  called  salt-cake  process, 
(z)  Manufacture  of  sodium  carbonate,  or  soda-ash,  from 
salt-cake  ;  called  black-ash  process. 

(l)  Salt-cake  Process. — This  process  consists  in  the  decom- 
position of  salt  by  means  of  sulphuric  acid,  and  is  effected  in 
a  fiimace  called  the  Salt-cake  Furnace :  Fig.  62  shows  the 
elevation,  and  Fig.  63  the  section,  of  such  a  furnace.     It  con- 

tsof  (i)  a  large  covered  iron  pan  (a)  placed  in 
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the  furnace,  and  heated  by  a  fire  placed  underneath  ;  and  (z) 
wo  roasters  or  reverberatory  furnaces  (rfif)  placed  one  at  each 
;nd,  and  on  the  hearths  of  which  the  salt  is  completely  de- 
composed. The  charge  of  half  a  ton  of  salt  is  first  placed  in 
the  iron  pan,  and  then  the  requisite  quantity  of  sulphuric 
acid  allowed  to  run  in  upon  it.  Hydrochloric  acid  gas  is 
evolved,  and  escapes  through  a  flue  («)  with  the  products  of 
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combustion  into  towers,  or  scrubbers,  filled  with  coke  or 
bricks  moistened  with  a  stream  of  water  ;  the  whole  of  the 
acid  vapours  are  thus  condensed,  and  the  smoke  and  heated 
air  pass  up  the  chimney.  A  drawing  of  a  good  arrange- 
ment of  the  kind  is  given  in  Fig.  64.  The  acid  fumes  from 
the  salt-cake  furnace  enter  the  tower  B,  which  is  sixty  feet  in 
height,  by  the  flue  A  ;  passing  up  this  tower  it  meets  with  the 
descending  current  of  water.    The  dilute  acid  thus  ftiriaed 
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IS  away  by  a  pipe  seen  at  the  base  of  the  tower,  whilst  the 
r  unabsorbed  fumes  and  products  of  combustion  pass  down  the 
brick  tunnel  C  into  the-second  tower,  in  which  they  ascend, 
and  meet  another  current  of  falling  water.  When  the 
vapours  reach  the  top  of  this  lower,  they  are  perfectly  free 
from  hydrochloric  acid  gas,  and  are  allowed  to  pass  through 
ihe  stoneware  pipes  D  to  the  chimney  E.  By  Act  of 
Parliament  the  alkali-makers  are  compelled  to  condense  at 
least  95  per  cent,  of  the  hydrochloric  acid  gas  they  produce, 
and  no  escape  of  more  than  o-2  grain  of  hydrochloric 
acid  per  cubic  foot  of  ait  is  permitted  from  any  chimney- 
So  perfectly  is  this  condensation  as  a  rule  carried  out,  that 
the  escaping  gases  frequently  do  not  cause  a  turbidity  in  a 
solution  of  silver  nitrate,  proving  the  absence  of  even  a 
trace  of  the  acid  gas.  After  the  mixture  of  salt  and  acid  has 
been  heated  for  some  time  in  the  iron  pan,  and  has  become 
solid,  it  is  raked  by  means  of  the  doors  (a  a)  seen  in  Fig.  6a, 
on  to  the  hearths  of  the  furnaces  at  each  side  of  the  decora- 
posing  pan,  where  the  flame  and  heated  air  of  the  fire 
complete  the  decomposition  into  sodium  sulphate  and 
hydrochloric  acid.  The  hydrochloric  acid  is  a  most  valuable 
product,  being  used  for  the  manufacture  of  bleaching  powder 
(see  p.  10;). 

(2)  Black-ask  Process.— This  process  consists  (i)  in  the  pre- 
paration of  sodium  carbonate,  and  (a)  in  the  separation  and 
purification  of  the  same.  The  first  chemical  change  which 
the  salt-cake  undergoes  in  its  passage  to  soda-ash  is  its 
reduction  to  sulphide,  by  heating  it  with  powdered  coal  or 
sUck: 
.  NijSOi  +  C,  =  Na,S  -I-  4CO. 

f  The  second  decomposition  is  the  conversion  of  the  sodium 
sulphide  into  sodium  carbonate,  by  heating  it  with  chalk  or 
limestone  (calcium  carbonate)  : 

Nfl^S  +  CaCO,  =  NajCO,  -I-  CaS. 

These  two  reactions  are  in  practice  carried  on  at  once ;  a 
mixture  of  ten  parts  of  salt-cake,  ten  parts  of  limestone,  and 
seven  and  a  half  parts  of  coal  being  heated  in  a  reverberatory 
furnace  called  the  Balling  Furnace  (shown  in  section  in  Fig. 
65,  and  in  elevation  in  Fig.  66),  until  it  fuses  and  the  itvaNft 
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decomposition  is  complete,  when  it  is  raked  nut  into  iron 
wheelbarrows  to  cool.  This  process  is  generally  termed  the 
black-ash  process,  from  the  colour  of  the  fused  mass. 

The  next  operation  consists  in  the  separation  of  the  sodium 
carbonate  from  the  insoluble  calcium  sulphide  and  other  im- 
purities. This  is  easily  accomplished  by  lixiviatioti,  or  dis- 
solving the  former  s;i!t  out  in  water.  To  evaporate  down 
the  solution,  the  waste  heat  of  the  black-ash  furnace  is 
used,  the  heated  air  passes  over  an  iron  pan  (see  d,  Fig.  65) 
containing  the  liquid.  On  calcining  the  residue,  the  soda- 
ash  of  commerce  is  obtained. 

Amntoma-Soda  Process. — During  the  last  few  years  the 
Leblanc   system   of   making  alkali   has   to   a  considerable 
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extent  been  superseded  by  a  new  and  quite  different 
process.  This  depends  upon  the  fact  that  if  a  solution  of 
chloride  of  sodium  (brine)  be  saturated  with  ammonia  gas, 
and  carbon  dioxide  passed  into  the  liquid  under  pressure,  a 
precipitate  of  sodium  bicarbonate  is  thrown  down,  whilst 
"  c  (ammonium  chloride)  n  -   -'— '■■•■—  ■ 

CO,  +  NaCl 

The  bicarbonate  of  soda  when  dried  and  ignited,  yields  pure 
soda-ash.  The  sal-ammoniac  is  decomposed  by  caustic 
lime  or  magnesia  and  the  ammonia  thus  liberated  again 
used.  In  this  process  the  whole  of  the  chlorine  of  the 
common  salt  is  now  tlirown  away  as  the  chloride  of  calcium 


NH, 


-  H,0  =  NaHCO,  +  NH^Cl. 
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or  of  magnesium.  Hence  by  this  plan  bleaching  powder 
cannot  be  prepared.  If  an  economical  plan  for  liberating 
the  chlorine  from  either  of  the  above-named  sails  be  dis- 
covered, this  process  (termed  the  Sylvay  process  from  its 
discoverer)  will  in  time  altogether  displace  the  older  method 
of  Leblanc. 

No  less  than  700,000  tons  of  common  salt  are  annually 
consumed  in  the  alkali  works  of  Great'  Britain,  for  the  prepa- 
ration of  nearly  the  same  weight  of  soda-ash,  of  which  the 
value  is  about  three  millions  sterling.  The  soda-ash  of  com- 
merce contains  from  48  to  56  per  cent,  of  sodium  monoxide, 
Na-jO,  as  carbonate  and  hydrate,  the  remainder  being  im- 
purities, consisting  generally  of  sulphate,  sulphite,  and 
chloride.  If  soda-ash  be  dissolved,  and  the  saturated  solu- 
tion allowed  to  stand,  large  transparent  crystals  (monoclinic) 
of  the  hydrated  carbonate,  of  the  formula  NajCO,  -|-  IoH,0, 
separate  out  ;  this  substance  is  commonly  known  as  soda- 
crystals,  and  is  much  used  for  softening  water  for  washing 
purposes.  Sodium  carbonate  also  occurs  in  small  quantity 
in  certain  localities  as  an  efflorescence  on  the  soil,  and  in 
the  beds  of  dried-up  lakes. 

Hydrogen  Sodium  Carbonate,  or  Bicarbonate  of  Soda, 
NaHCOj,  is  obtained  by  exposing  the  crystallized  car- 
bonate to  an  atmosphere  of  carbonic  acid  gas.  It  is  a  white 
cryslaUine  powder,  which  on  heating  is  readily  converted 
into  sodium  carbonate.  The  bicarbonate  is  chiefly  used  in 
medicine,  and  for  the  production  of  effervescing  drinks. 

Sodium  Nitrate,  NaNOj,  is  found  in  large  beds  in  Peru 
and  Northern  Chili,  and  termed  soda-  or  Chili-saltpetre.  It 
is  imported  in  large  quantities  and  used  as  a  manure,  and 
also  in  the  preparation  of  nitric  acid  (being  cheaper  than 
nitre),  and  of  nitre.  For  this  latter  purpose  a  hot  con- 
centrated solution  of  this  salt  is  mixed  with  a  hot  saturated 
solution  of  potassium  chloride  :  on  cooling,  sodium  chloride 
separates  out  in  crystals,  and  potassium  nitrate  remains  In 
solution. 

Sodium  Sulphate,  Na^SO,  -\-  ioH,0,  is  known  in  com- 
merce as  Glauber's  salts,  and  in  the  anhydrous  state  as 
salt-cake.  It  occurs  in  the  water  of  many  mineral  springs, 
and  is  used  in  medicine,  whilst  as  salt-cake  it  is  employed  in 
e  quantities  in  the  glass  manufacture. 
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Amongst  the  other  more  important  salts  of  sodium  are  : 
Sodium  Thiosulphate,  Na^SjOj  -f  sHjO,  commonly  called 
hyposulphite  of  soda,  already  mentioned  under  the  com- 
pounds of  sulphur  and  oxygen,  and  largely  used  in  photo- 
graphy (p.  129) ;  the  Sodium  phosphates^  mentioned  under 
phosphorus  (p.  148)  ;  Borax,  Na2B407  +  loHjO  (see  p.  142)  ; 
Sodium  sulphide y  Na^S,  a  soluble  salt  formed  by  reducing 
the  sulphate  with  carbon  ;  Sodium  silicate,  or  soluble  glass 
(see  p.  139). 


General  Characteristics  of  the  Sodium  Compounds, 

All  the  sodium  salts,  with  the  single  exception  of  the 
metantimoniate,  are  soluble  in  water.  The  presence  of 
sodium  compounds  can  be  detected  by  the  peculiar  yellow 
tinge  which  they  impart  to  the  flame.  The  spectrum  of 
sodium  is  distinguished  by  one  fine  bright  double  line, 
identical  in  position  with  the  dark  solar  line  called  D 
(see  Chromolith  No.  7). 


CiESIUM  AND  RUBIDIUM. 

Cs  =  132*5.  Rb  =  85-2. 

These  two  metals  were  discovered  in  1860-61  by  Bunsen 
and  Kirchhoff,  by  means  of  spectrum  analysis  (see  p.  268). 
They  so  closely  resemble  one  another  and  potassium  in  their 
chemical  properties,  that  they  had  previously  been  mistaken 
for  the  latter  well-known  metal.     They  are  found  widely 
distributed,  although  generally  occurring  in  small  quantities. 
They  were  originally  discovered  in  the  mineral  water  of 
Diirkheim  ;  but  since  that  time  they  have  been  found  in 
many  other  springs,  in  several  kinds  of  mica  and  other  old 
plutonic  silicates,  as  well  as  in  the  ashes  of  several  plants, 
viz.,  beet-root,  tobacco,  coffee,  and  grapes.   These  metals  can 
be  separated  from  potassium  by  the  greater  insolubility  of 
the  double  chloride  which  they  form  with  platinum  ;  if  a 
mixture  of  potassium,  caesium,  and  rubidium  salts  be  com- 
pletely precipitated  by  platinic  chloride,  and  the  precipitate 
boiled  out  with  water,  the  most  insoluble  residue  will  contain 
the  new  metals.     Caesium  may  be  separated  from  rubidium  by 
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the  greater  solubility  of  the  acid  tartrate  of  the  former  metal. 
The  salts  of  caesium  and  rubidium  are  isomorphous  with  the 
corresponding  potassium  compounds.  The  fused  chlorides 
of  these  metals  are  easily  decomposed  by  the  galvanic 
current,  and  the  metallic  element  deposited.  Rubidium 
(but  not  caesium),  can  also  be  prepared  by  reduction  with 
carbon,  like  potassium.  It  is  a  white  metal  which  rapidly 
undergoes  oxidation  ;  its  specific  gravity  is  1*52  ;  and  it  forms 
a  greenish-blue  vapour.  The  spectra  of  these  metals  are 
shown  in  Nos.  3  and  4  of  the  Chromolith. 


LITHIUM. 

Symbol  Li,  Atomic    Weight   7*01,  Specific    Gravity  o'59. 
— This  metal  is  prepared  by  decomposing  the  fused  chlor- 
ide by  electricity ;  it  is  of  a  white  colour,  it  fuses  at  180°, 
and  is  the  lightest  metal  known.     The  lithium  salts  were 
formerly  supposed  to  be  very  rare,  only  being  known  to  occur 
in  three  or  four  minerals,  but  spectrum  analysis  has  shown 
that  this  is  a  widely-distributed  substance  :  it  occurs  in  small 
quantities  in  almost  all  waters,  in  milk,  tobacco,  and  even  in 
human  blood.     A  spring  in  Cornwall  contains  large  quantities 
of  this  metal  in  the  form  of  chloride.     Lithium  in  its  chemical 
relations  stands  between  the  class  of  alkali-  and  alkaline- 
earth  metals,  the  hydrate,  carbonate,  and  phosphate  being 
only  sparingly  soluble  in  water.     All  the  volatile  lithium  com- 
pounds impart  a  magnificent  crimson  tinge  to  the  flame,  and 
the  spectrum  of  this  flame  exhibits  one  bright  and  very 
characteristic  red  line,  by  means  of  which  the  presence  of 
the  minutest  trace  of  this  substance  can  be  detected  with 
certainty  and  ease.     (See  Chromolith  No.  8.) 


AMMONIUM  AND  THE  SALTS  OF  AMMONIA. 

The  ammoniacal  salts  may  conveniently  be  considered 
together  with  the  class  of  alkali-metals,  as  in  their  chemical 
properties  they  present  a  remarkable  analogy  with  the  salts 
of  the  alkalis  proper.  In  all  these  salts  the  existence  of  a 
quasi-metal  called  Ammonium^  NH4,  is  supposed  :  and  if 
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this  substance  be  substituted  for  an  atom  of  potassium  or 
sodium  in  the  alkali  salts,  a  corresponding  salt  of  ammonium 
is  formed  ;  thus  \ 


Potassium  Chloride,  KCl 

Potassium  Sulphate,  ^|s04. 

Potassium  K\c 

Hydrosulphide  H/^' 


Ammonium  Chloride,  NH4CI. 

Ammonium  Sulphate, >^tt^}-S04. 

Ammonium  NH4\q 
Hydrosulphide  H/^* 


The  radical  ammonium  >jtj^  [   ^^s  not  obtained  in  the 

free  state,  but  a  singular  compound,  the  so-called  ammonium 
amalgam,  can  easily  be  prepared  by  placing  sodium  amalgam 
into  a  solution  of  ammonium  chloride.  Ammonium  amal- 
gam forms  a  singular  light  bulky  metallic  mass,  which  rises 
to  the  surface  of  the  liquid,  but  soon  decomposes  into  am- 
monia, hydrogen,  and  mercury. 

Ammonium  Chloride^  NH4CI,  or  sal-ammoniac,  is  obtained 
by  neutralizing  the  distilled  ammoniacal  liquor  of  the  gas- 
works (see  p.  91)  with  hydrochloric  acid,  and  evaporating  the 
liquor  to  dryness,  or  by  subliming  a  mixture  of  the  commercial 
sulphate  of  ammonium  with  common  salt.  The  sublimed  salt 
forms  a  tough  fibrous  mass  ;  it  is  easily  soluble  in  water,  and 
crystallizes  in  arborescent  forms  composed  of  crystals  belong- 
ing to  the  regular  system.  On  heating,  it  volatilizes  completely 
without  melting. 

Ammonium  Carbonates, — The  normal  salt,  (NH4)2C03,  is 
a  very  unstable  compound,  which  decomposes  in  contact 
with  air,  with  evolution  of  ammonia,  and  is  prepared  by  add- 
ing ammonia  to  one  of  the  acid -salts.  By  heating  a  mixture 
of  sal-ammoniac  and  chalk  a  white  transparent  salt  sublimes, 
which  is  the  carbonate  of  ammonia  or  sal-volatile  of  com- 
merce. This  is  a  mixture  of  the  acid  carbonate  or  the  bi- 
carbonate H(NH4)C03,  with  carbamate,  NH4CO2NH2.  It 
smells  of  ammonia,  and  absorbs  water  and  carbonic  acid 
gas  from  the  air,  passing  into  the  bicarbonate.  This  latter 
salt  is  isomorphous  with  the  corresponding  potassium  com- 
pound, and  occurs  frequently  in  guano. 

Ammonium  Nitrate^  N  H4NO3, — is  obtained  by  neutralizing 
ammonia  with  nitric  acid,  and  crystallizes  in  long  transparent 
elastic  needles.     It  is  very  soluble  in  water,  and  when  heated 
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above  230°  decomposes  into  water  and  nitrous  oxide  gas 
(see  p.  65). 

Ammonium  Phosphates. — The  normal  salt,  (NH4)3P04,  is 
formed  when  phosphoric  acid  and  ammonia  are  mixed  in 
concentrated  sohition,  and  on  cooling,  the  salt  separates  out 
in  crystals.  On  drying  it  loses  ammonia,  yielding  the  salt 
(NH4)2HP04,  which  crystallizes  in  the  monoclinic  system. 
On  boiling  the  solution  of  the  latter,  the  salt  NH4H2PO4,  is 
formed,  and  may  be  crystallized  in  quadratic  prisms.  All 
these  salts  leave  on  ignition  a  residue  of  metaphosphoric 
acid.  Ammonium  sodium  phosphate,  NH4NaHP044-4H20, 
or  microcosmic  salt,  is  a  substance  much  used  in  blowpipe 
experiments. 

Ammonium  Sulphate^  (N  114)2804. — This  salt  is  prepared 
on  the  large  scale  by  adding  sulphuric  acid  to  gas-water  ;  it 
also  occurs  native.  The  sulphate  is  largely  employed  for 
alum  making,  and  especially  as  a  manure. 

Ammoniun  Sulphide  (N  114)28. — If  dry  sulphuretted 
hydrogen  and  excess  of  dry  ammonia  gas  be  brought  to- 
gether at  —  1 8°  this  compound  separates  out  in  colourless 
crystals.  At  the  ordinary  temperature  the  sulphide  loses 
NH3,  and  is  converted  into  a  crystalline  mass  of  the  hydro- 
sulphide  NH4H8,  a  very  volatile  body,  which  decomposes 
above  50°  into  ammonia  and  sulphuretted  hydrogen.  An 
aqueous  solution  of  this  body  is  much  used  in  the  laboratory 
as  a  reagent ;  it  is  obtained  by  saturating  aqueous  ammonia 
with  sulphuretted  hydrogen  gas  ;  the  colourless  solution 
possesses  a  disagreeable  smell,  and  soon  becomes  yellow 
from  the  formation  of  polysulphides  of  ammonium,  and 
water. 

General  Characteristics  of  the  Ammonium  Compounds, 

The  salts  of  ammonia  can  easily  be  recognised  by  their 
giving  off  an  alkaline  gas  possessing  a  pungent  smell  of 
ammonia  when  they  are  heated  with  caustic  lime  or  a  caustic 
alkali.  The  acid  tartrate  and  the  double  platinic  chloride 
are  both  insoluble,  and  resemble  the  corresponding  potash 
compounds  so  closely  that  the  two  sets  of  salts  cannot  be 
distinguished  by  means  of  these  tests.  In  order  to  test  for 
potash  in  presence  of  ammoniacal  salts,  all  the  latter  must 
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first  be  driven  off  by  heating.  It  is  well  to  remember  that 
ammonia,  NHj,  is  only  the  first  term  of  a  series  of  volatile 
bodies  possessing  closely  similar  properties  and  forming 
definite  salts  ;  these  compounds  will  be  described  in  that  part 
relating  to  organic  chemistry. 

roH 

Hydroxylamine,  NH.O,  or  N-[  H 

Ih. 

This  substance,  which  may  be  regarded  as  a  compound 
intermediate  between  ammonia  and  water,  or  as  anmionia 
NH3,  in  which  one  atom  of  hydrogen  is  replaced  by  hydroicyl 
(OH),  is  a  base  uniting  with  acids  to  form  a  well-defined 
series  of  salts.  Hydroxylamine  has  not  been  isolated  in  the 
pure  state,  but  its  aqueous  solution  has  been  prepared^  and 
forms  a  colourless,  inodorous  liquid,  possessing  a  strong 
alkaline  reaction.  On  distillation,  a  part  of  the  base  passes 
over  unchanged,  whilst  the  remainder  undergoes  decomposi- 
tion with  formation  of  ammonia.  Hydroxylamine  can  be 
prepared  synthetically  by  the  direct  union  of  nitric  oxide  and 
nascent  hydrogen,  thus  :  NO  +  H3  =  NH3O  ;  and  also  by 
the  reduction  of  the  nitrite  and  nitrate  of  ammonia.  Hy- 
droxylamine on  treatment  with  nitrous  acid  yields  nitrous 
oxide,  just  as  ammonia  yields  nitrogen.  It  is  a  very  important 
reagent,  being  largely  employed  in  organic  chemistry.  The 
following  are  some  of  the  best  known  salts  of  this  base  ; 
they  correspond  in  constitution  and  in  some  of  their 
properties  to  the  salts  of  ammonia  : — 

Hydrochloride  of  Hydroxylamine  NHsOHCl. 
Sulphate  „  „  (NH80)aHjS04. 

Nitrate  „  „  NHgOHNOa. 

Phosphate         „  „  (NH,0)8H,P04. 
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Class  II.— The  Calcium  Groop 

Calcium,  Strontium,  Barium 

CALCIUM 


Symbol  Ca,  Atomic  Weight  399,  Specific  Gravity  1-58 

Calcium  forms  a  considerable  portion  (see  p.  8)  of  the  plu- 
tonic  rocks  of  which  the  earth  is  composed,  and  occurs  in 
very  large  quantities,  fonning  whole  mountain -chains  of  lime- 
stone, chalk,  gypsum,  and  mountain  limestone.  The  metal 
calcium  is  obtained  by  the  decomposition  of  the  chloride  by 
the  electric  current,  or  hy  heating  the  iodide  with  sodium  j 
it  is  a  light  yellow  metal  which  easily  oxidizes  In  the  air, 
and  when  heated  in  air  hums  with  a  bright  light,  lime  or 
calcium  monoxide,  CaO,  being  formed. 

Calcium  Monoxide,  or  Lime,  CaO. — Pure  lime  is  obtained 
by  heating  white  or  black  marble  to  redness  in  a  vessel  ex- 
posed to  the  air.  Lime  is  prepared  on  a  large  scale,  for  build- 
ing and  other  purposes,  by  heating  limestone  (the  carbonate) 
in  kilns  by  means  of  coal  mixed  with  the  stone  ;  the  carbonic 
acid  escapes,  and  quick  or  caustic-lime  remains.  Pure  lime 
is  a  white,  infusible  substance,  which  combines  with  water 
very  readily,  giving  off  great  heat,  and  falling  to  a  white 
powder  called  calcium  hydroxide,  or  slaked  lime,  CaOH,0, 
or  Ca(OH),.  The  hydrate  is  slightly  soluble  in  water,  i  part 
of  it  Sssolving  in  730  parts  of  cold,  but  only  in  1300  parts  of 
boiling  water,  fonning  time-nvater,  which,  like  the  hydrate, 
has  a  great  power  of  absorbing  carbonic  acid  from  the  air. 
It  is  indeed  partly  owing  to  this  property  that  the  hardening 
or  setting  of  mortars  and  cements  made  from  iime  is  due. 
A/ortijr  consists  of  a  mixture  of  slaked  lime  and  sand  :  a 
gradual  combination  of  the  lime  with  the  silica  occurs,  and 
this  helps  to  harden  the  mixture.  Hydraulic  mortar !,vriach 
harden  under  water,  are  prepared  by  carefully  heating  an  im- 
pure lime  containing  clay  and  silica  :  a  compound  sWitaxt  lA 


204  ELEMENTARY  CHEMISTRY  lesson 

lime  and  alumina  appears  to  be  formed  on  moistening  the 
powder,  which  then  solidifies,  and  is  unacted  upon  by  water. 
Lime  is  largely  used  in  agriculture,  its  action  being,  ist,  to 
destroy  the  excess  of  vegetable  matter  contained  in  the  soil ; 
and  2ndly,  to  liberate  the  potash  for  the  use  of  the  plants  from 
heavy  clay  soils  by  decomposing  the  silicate. 

Calcium  Carbonate^  or  Carbonate  of  Ume^  CaCOj. — This 
salts  occurs  most  widely  diffused,  as  chalk,  limestone,  coral, 
and  marble  ;  many  of  those  enormous  deposits  being  made 
up  of  the  microscopic  remains  of  minute  sea-animals.     Cal- 
cium carbonate  exists  crystalline  as  calc-spar,  or  Iceland  spar 
(rhombohedral  or  hexagonal  system.  Fig.  50  p.  181),  and  aJso 
in  a  different  form,  arragonite  (rhombic.  Fig.  55  p.  183) ;   so 
that  this  substance  is  dimorphous.  The  carbonate  is  almost 
insoluble  in  pure  water,  but  readily  dissolves  when  the  water 
contains  carbonic  acid,    giving  rise    to    what    is    termed 
temporarily  hard  water.     Such  a  water  deposits  a  crust  of 
calcium  carbonate  on  boiling,  owing  to  the  escape  of  the 
carbonic  acid.     The  well-known  evil  of   boiler    crust    is 
caused  by  these  deposits.     The  formation  of  such  a  crust 
may  be  checked,  if  not  avoided,  by  adding  a  small  quantity 
of  sal-ammoniac  to  the  water,  soluble  calcium  chloride  and 
volatile  ammonium  carbonate  being  formed.     Temporarily 
hard  water  may  be  softened  by  the  addition  of  lime  suspended 
in  water,  which  unites  with  the  carbonic  acid  present,  form- 
ing insoluble  calcium  carbonate ;  the  carbonic  acid  being  thtfs 
removed,  the  calcium  carbonate  previously  in  solution  is  also 
precipitated.     This  is  known  as  Clark's  process  of  softening 
water. 

Calcium  Sulphate^  CaS04. — This  occurs  in  nature  as  a 
mineral  termed  Anhydrite ^  and  combined  with  2H2O  as 
selenite,  gypsum,  or  alabaster.  It  is  soluble  in  400  parts  of 
water,  and  is  a  very  common  impurity  in  spring  water,  giving 
rise  to  what  is  icxTaQd  permanent  hardness,  as  it  cannot  be 
removed  by  boiling.  Gypsum  when  moderately  heated  loses 
its  water  and  is  then  called  plaster  of  Paris  :  this  when  mois- 
tened takes  up  two  atoms  of  water  again  and  sets  to  a  solid 
mass,  and  is  therefore  much  used  for  making  casts  and 
moulds. 

Calcium  Chloride,  CaClg. — This  soluble  salt  is  formed  when 
limestone  or  marble  is  dissolved  in  hydrochloric  acid  (see  p. 
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80)  :  if  the  solution  be  then  evaporated,  colourless  needle- 
shaped  crystals  of  the  hydrated  chloride,  CaCl2-|-6  HgO,  are 
formed.  When  these  are  dried,  the  substance  still  retains 
2H2O,  and  forms  a  porous  mass,  which  takes  up  moisture  with 
great  avidity,  and  is  much  used  for  drying  gases.  When  this 
mass  is  more  strongly  heated^  it  fuses  and  parts  with  all  its 
water. 

Bleaching-Powder^  or  Chloride  of  Ltme^  CaClg  Ca(ClO)2 

or  Ca  -{  Qpi  is  obtained  by  the  action  of  chlorine  upon 

slaked  lime  (see  p.  100). 

3Ca{OH)2  +  2Clj  =  aCaJQ^^j  +  CaClj  +  2H2O. 

Chemists  hold  different  views  concerning  the  constitution  of 
bleaching-powder ;  according  to  one  view  it  is  a  compound 
of  calcium  chloride  and  calcium  hypochlorite,  as  shown  in 
the  first  formula ;  according  to  another  it  is  regarded  as  a 
kind  of  double  salt,  represented  by  the  second  formula,  the 
molecular  weight  being  half  that  of  the  first. 

If  a  clear  solution  of  bleaching-powder  be  heated  with  a 
small  quantity  of  oxide  of  cobalt  or  of  copper,  the  oxygen 
of  the  bleaching-powder  is  gradually  evolved  and  calcium 
chloride  left  behind. 

Calcium  Fluoride^  or  Fluorspar ^  CaF2. — Found  crystal- 
liaed  in  cubes  in  Derbyshire  and  Cumberland.  When  heated 
with  sulphuric  acid,  calcium  sulphate  and  hydrofluoric  acid 
(see  p.  116)  are  formed.  It  is  sometimes  used  as  a  flux  in 
the  reduction  of  metals,  whence  its  name  Fluorspar  is 
derived. 

Among  the  remaining  compounds  of  calcium  may  be  men- 
tioned Calcium  phosphate^  or  bone  phosphate,  Ca3(P04)2 
(see  p.  144),  and  the  mineral  apatite,  Ca3(P04)2  +  Ca2P04.F, 
now  largely  used  for  making  artificial  manures ;  Calcium 
sulphide^  CaS,  an  insoluble  substance  formed  in  the  soda-ash 
process  (see  p.  195)  :  and  Calcium  pentasulphide,  CaSg,  a 
soluble  salt  The  spectrum  of  calcium  is  a  very  peculiar 
one,  containing  a  number  of  distinct  bright  lines,  by  which 
the  presence  of  this  metal  can  be  easily  ascertained.  (See 
Chromolith  No.  9.) 
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STRONTIUM. 
Symbol  Sr,  Atomic  Weight  87*2. 

This  element  occurs  in  much  smaller  quantities  than 
calcium,  or  even  barium,  being  found  in  only  a  few  mineral 
species,  especially  strontianite  the  carbonate,  and  ceUstine 
the  sulphate.  Strontium  likewise  occurs  as  chloride  in 
minute  quantities  in  certain  spring  waters.  The  metal  has 
a  yellowish-white  colour,  and  is  prepared  by  the  electrolysis 
of  the  fused  chloride.  It  resembles  calcium  closely  in  its 
properties  ;  its  specific  gravity  is  2 "54.  When  heated  in  the 
air  it  burns,  forming  the  monoxide  strontia. 

Strontium  Monoxide^  or  Strontia^  SrO.— This  oxide  is  best 
obtained  by  decomposing  the  nitrate  by  heat :  it  unites  with 
water,  evolving  great  heat,  and  forming  the  hydrate  Sr(OH)2+ 
8H2O  ;  this  is  soluble  in  water,  and  absorbs  carbonic  acid 
with  avidity.  The  native  salts  of  strontium,  viz.,  the  car- 
bonate and  sulphate,  are  insoluble,  and  serve  for  the  prepara- 
tion of  the  remaining  salts.  The  nitrate,  Sr{N03)2,  and  the 
chloride,  SrCl2,  are  soluble  in,  water :  these  are  the  only 
salts  of  this  metal  which  are  employed  in  the  arts,  being 
used  for  the  preparation  of  red  fires,  as  the  soluble  salts  of 
strontium  have  the  power  of  colouring  the  fiame  crimson. 
The  spectrum  of  strontium  is  a  very  characteristic  one 
(see  Cliromolith  No.  10),  and  by  this  means  the  minutest 
trace  of  this  substance  can  be  easily  and  certainly  detected, 
even  in  presence  of  calcium  and  barium  salts. 

BARIUM. 
Symbol  Ba,  Atomic  Weight  1 36-8. 

Barium  compounds  occur  somewhat  more  widely  dispersed 
than  those  of  strontium,  the  two  most  common  barium 
minerals  being  the  sulphate,  or  heavy  spar,  and  the  carbonate, 
or  witherite.  The  metal  barium  has  not  yet  been  obtained  in 
the  coherent  state,  but  the  metallic  powder  may  be  prepared 
in  a  similar  way  to  the  two  former  metals,  which  it  closely 
resembles  in  its  properties. 


I  Monoxide,  or  Baryta,  BaO. — The  best  way  of 
forming  this  oxide  is  to  decompose  the  nitrate  by  heat  ;  it  is 
a  greyish  porous  mass,  which  fuses  at  a  high  temperature, 
and  takes  up  water  with  evolution  of  much  heat,  forming  a 
crystalline  hydrate,  Ba  (OH)j  +  SHgO.  This  hydrate  is  soluble 
in  twenty  parts  of  cold  water,  and  the  solution  on  exposure 
to  the  air  rapidly  absorbs  carbonic  acid,  and  becomes  milky. 

Barium  Dioxide,  BaO). — When  baryta  is  gently  heated  in 
a  current  of  oxygen  gas,  the  two  substances  combine  together 
to  form  a  dioxide  containing  twice  as  much  oxygen  as  barjta: 
thisadditionalatomof  oxygen  is,  however,  evolved  at  a  higher 
temperature  :  ajid  the  proposal,  made  long  ago,  to  use  this 
decomposition  for  the  manufacture  of  oxygen  from  the  air 
has  recently  been  successfully  effected,  and  may  be  pro- 
ductive of  valuable  results  in  providing  a  cheap  supply  of 
pure  ow^en  For  this  purpose,  as  soon  as  the  dioxide  BaOj 
has  been  reduced  to  BaO,  the  temperature  is  lowered,  and 
air  passed  over  the  baryta  ;  this  again  takes  up  oxygen, 
p-issmg  into  BaOj,  which  again  is  decomposed  by  a  higher 
tempenture  (see  p  12J.  There  are  no  salts  known  corre- 
sponding to  this  o\ide 

Barium  Lhlondt,  BaClj.-:— This  soluble  salt  is  one  of  the 
most  important  compounds  of  barium  :  it  crystallizes  in  flat 
scales  containing  two  molecules  of  water.  It  may  be  prepared 
by  dissolving  the  native  carbonate  in  hydrochloric  acid,  and 
is  largely  used  as  a  precipitant  for  sulphuric  acid. 

Barium  Sulpkale,  BaSO^,  occurs  native  and  crystalline  as 
heavy  spar ;  spieciflc  gravity  4-6  (whence  the  name  Barium, 
from  |8a(iu(,  heavy).  It  is  one  ofthe  most  insoluble  salts  known, 
and  falls  as  a  white  crj'stalline  precipitate  when  any  soluble 
barium  salt  is  brought  into  a  solution  of  a  sulphate.  It  is  used 
as  a  paint,  and  the  precipitated  salt  is  termed  blanc  fixe, 
whilst  the  native  heavy  spar,  when  ground,  is  largely  used  to 
adulterate  white  lead. 

The  other  more  important  salts  of  barium  are  the  nitratt, 
Ba(N03)i,  a  soluble  salt ;  the  sulphide,  BaH,  obtained  by 
heating  heavy  spar  with  coal,  and  decomposing  on  addition  of 
water  into  hydroxide,  Ba{OH)5,  and  hydrosulphide,  Ba(SH}j, 
both  of  which  dissolve  in  water  ;  the  carbonate,  BaCOj, 
an  insoluble  substance,  occurring  native  as  wiiherite  ;  Barium. 
silicofliioride    and    phoiphate    are    insoluble    salts,   whilst. 
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strontium  silicofluoride  is  soluble  in  water.  The  volatile 
salts  of  barium  have  the  power  of  communicating  a  peculiar 
green  colour  to  the  flame,  and  the  spectrum  of  barium  con- 
tains a  number  of  characteristic  green  lines,  by  means  of 
which  the  presence  of  minute  traces  of  this  substance  can  be 
detected.    (See  Chromolith  No.  ii.) 


Class  III.— The  Zinc  Group. 
Beryllium^  Magnesium^  ZinCy  Cadmium. 

BERYLLIUM. 

Symbol  Be,  Atomic  Weight  9*03. 

This  rare  metal  is  found  in  the  mineral  Beryl,  Al,Oj, 
3BeO,  eSiOj.  It  is  a  light  white  metal  (sp.  gr.  2.1),  closely 
resembling  magnesium.  It  forms  a  monoxide,  BeO,  and 
yields  a  series  of  soluble,  colourless  salts,  which  have  a 
characteristic  sweetish  taste,  whence  the  name  Glucinum, 
by  which  the  element  is  sometimes  designated. 

MAGNESIUM. 

Symbol  Mg,  Atomic  Weight  24*3,  Specific  Gravity  174. 

This  element  occurs  in  large  quantities  as  carbonate,  alonrj 
with  calcium  carbonate,  in  dolomite  or  mountain  limestone ; 
and  also  in  sea-water  and  certain  mineral  springs  as  chloride 
and  sulphate.  The  metal  is  best  obtained  by  heating  magne- 
sium chloride  with  metallic  sodium,  sodium  chloride  and 
metallic  magnesium  being  formed.  Magnesium  is  of  a  silver- 
white  colour  and  has  a  specific  gravity  of  1 75,  it  fuses  at  a  low 
red-heat :  it  is  volatile  and  may  be  easily  distilled  at  a  bright 
red-heat ;  when  soft  it  can  be  pressed  into  wire,  and  with 
care  it  may  be  cast  like  brass,  although  when  strongly  heated 
in  the  air  it  takes  fire  and  bums  with  a  dazzling  white  light, 
with  the  formation  of  its  only  oxide,  magnesia.  The  light 
emitted  by  burning  magnesium  wire  is  distinguished  for  its 
richness  in  chemically  active  rays,  and  this  substance  is 
therefore  employed  as  a  substitute  for  sunlight  in  photo- 
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graphy,  and  has  been  employed  with  success  for  photo- 
graphing the  interior  of  the  Pyramids,  caverns,  &c. 

Magnesium  does  not  oxidize  in  dry  air ;  it  is  only  slowly 
acted  upon  by  cold  water,  but  more  rapidly  by  hot  water ; 
it  dissolves  quickly  in  sulphuric  and  hydrochloric  acids,  with 
evolution  of  hydrogen. 

Magnesium  Oxide^  or  Magnesia^  MgO. — A  light  white 
amorphous  infusible  powder,  obtained  by  heating  the  car- 
bonate or  nitrate  ;  it  is  largely  used  in  medicine,  and  known 
as  calcined  magnesia.  It  unites  with  acids  to  form  the  mag- 
nesium salts,  but  it  does  not  possess  a  strong  alkaline  reaction. 
The  most  important  salts  of  magnesium  are  : — 

Magnesium  Chloride^  MgCl2,  a  fusible  salt  obtained  by 
evaporating  magnesia  dissolved  in  hydrochloric  acid  with  an 
equal  quantity  of  sal-ammoniac ;  on  fusion  the  latter  salt 
volatilizes,  and  the  magnesium  chloride  remains  behind.  It 
occurs  in  sea-water,  and  in  certain  salt-beds,  e,g.  those  of 
Stassfurt,  as  carnallite,  MgClj  +  KCl  +  6HjO.  Magnesium 
chloride  is  largely  used  as  an  anti-mildew  in  sizing  cotton 
cloth. 

Magnesium  Sulphate,  MgS04  +  7H2O. — This  is  a  soluble 
substance  known  as  Epsom  Salts  ;  it  occurs  in  a  spring  in 
Surrey,  and  also  at  Stassfurt  as  kieserite,  MgS04  +  HgO  ; 
it  is  now  largely  made  from  dolomite  by  separating  the  lime 
with  sulphuric  acid.  Magnesium  sulphate  forms,  with  the 
alkaline  sulphates,  double  salts  in  which  the  alkaline 
sulphate  takes  the  place  of  one  of  the  seven  molecules  of 
the  water  of  crystallization  ;  thus  MgS04,  K2SO4  -f-  6H2O 
is  the  potash  double  salt. 

Magnesium  Carbonate,  MgCOg,  is  an  insoluble  compound, 
occurring  as  a  crystallized  mineral  termed  magnesite.  The 
magnesia  alba  of  the  shops  is  a  varying  mixture  of  carbonate 
and  hydroxide,  made  by  precipitating  a  hot  solution  of 
magnesium  sulphate  with  sodium  carbonate.  Magnesium 
Sulphide,  MgS,  is  not  formed  in  the  wet  way. 

Magnesium  resembles  in  many  respects  the  metals  of  the 
alkaline  earths,  but  it  may  be  distinguished  from  these  by  the 
solubility  of  the  carbonate  in  ammonium  chloride,  as  well 
as  by  the  ready  solubility  of  the  sulphate  in  water.  Mag- 
nesium forms  an  insoluble  double  phosphate  with  ammonia, 

P 
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MgNH4P04  +  6H2O  ;  and  it  is  in  this  form  the  metal  is 

usually  estimated. 


ZINC. 

Symbol  Zn,  Atomic  Weight  65*1,  Specific  Gravity  6*8  to  7*2, 

Vapour  Density  32*5. 

Zinc  is  an  abundant  and  useful  metal,  closely  resembling 
magnesium  in  its  chemical  characters  ;  but  it  is  much  more 
easily  extracted  from  its  ores  than  this  latter  metaL  The 
chief  ores  of  zinc  are  the  sulphide  or  blende^  the  carbonate  or 
calamine y  and  red  zinc  ore.  In  order  to  extract  the  metal, 
the  powdered  ore  is  roasted,  i.e.  exposed  to  air  at  a  high 
temperature,  so  as  to  convert  the  sulphide  or  carbonate  into 
oxide ;  the  roasted  ore  is  then  mixed  with  fine  coal  or  char- 
coal and  strongly  heated  in  crucibles  or  retorts  of  peculiar 
shape  ;  the  zinc  oxide  is  reduced  by  the  carbon,  carbon 
monoxide  comes  off,  and  the  metallic  zinc  distils  over,  and  is 
easily  condensed. 

Zinc  is  a  bluish- white  metal,  exhibiting  crystalline  structure : 
it  is  somewhat  brittle  at  the  ordinary  temperature,  but  when 
heated  to  about  1 30°,  it  may  be  rolled  out  or  hammered  with 
ease,  whilst  if  the  temperature  is  raised  to  200^,  it  is  again 
brittle,  and  may  be  broken  up  in  a  mortar.  Zinc  melts  at  423°, 
and  at  a  bright  red-heat  it  begins  to  boil,  and  volatilizes,  or  if 
air  be  present  it  takes  fire  and  burns  with  a  luminous  greenish 
flame,  forming  zinc  oxide.  Zinc  is  not  acted  upon  by  moist  or 
dry  air,  and  hence  it  is  largely  used  in  the  form  of  sheets,  and  is 
employed  as  a  protecting  covering  for  iron,  which  when  thus 
coated  is  said  to  be  galvanized.  Zinc  easily  dissolves  in 
dilute  acids  with  evolution  of  hydrogen,  and  is  therefore  used 
as  the  oxidizable  portion  of  the  galvanic  battery.  Brass  is  a 
useful  alloy  of  one  part  of  zinc  and  two  of  copper ;  German 
silver  is  an  alloy  of  zinc,  nickel,  and  copper. 

Zinc  Oxide^  ZnO,  is  the  only  known  compound  of  this 
metal  with  oxygen,  and  is  obtained  by  burning  the  metal,  or 
by  precipitating  a  soluble  zinc  salt  with  an  alkali,  and  heating 
the  precipitate.  Zinc  oxide  is  an  insoluble  white  amorphous 
powder,  which  when  heated  becomes  yellow  but  loses  this 
colour  on  cooling ;  it  dissolves  easily  in  acids,  giving  rise  to 
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the  zinc  salts.      It  is  used  as  a  pigment,  and  termed  zinc 
white. 

The  most  important  salts  of  zinc  are  : 

Zinc  Sulphate^  ZnS04  +  7H2O,  a  soluble  salt,  crystallizing 
in  long  prisms,  and  commonly  called  white  vitriol :  this  salt 
is  isomorphous  with  magnesium  sulphate,  and,  like  the 
latter  salt,  it  forms  a  series  of  double  salts  with  the  sul- 
phates of  the  alkali  metals. 

Zinc  Chloride^  ZnCl2,  a  white  soluble  deliquescent  sub- 
stance, formed  by  burning  zinc  in  chlorine ;  or,  better,  by 
dissolving  the  metal  in  hydrochloric  acid.  It  is  volatile  at 
high  temperatures  and  its  vapour  density  has  been  found  to 
be  67-8. 

Zinc  Sulphide^  ZnS,  occurs  as  a  crystalline  mineral  called 
blende^  generally  coloured,  from  presence  of  iron  and  other 
impurities ;  it  is  obtained  artificially  as  a  white  gelatinous 
precipitate,  insoluble  in  acetic,  but  soluble  in  a  mineral 
acid,  when  an  alkaline  sulphide  is  added  to  a  soluble  zinc 
salt. 

Zinc  Carbonate^  ZnCOg,  an  insoluble  substance  occurring 
native  as  calamine  :  it  cannot  be  prepared  by  precipitating  a 
solution  of  zinc  salt  by  an  alkaline  carbonate,  as  a  quantity 
of  oxide  is  precipitated  along  with  the  carbonate. 

The  salts  of  zinc  can  be  distinguished  by  the  solubility  of 
the  hydroxide  in  excess  of  both  potash  and  ammonia,  by  the 
white  sulphide  insoluble  in  acetic  acid,  and  by  the  g^een 
colour  which  a  solution  of  cobalt  chloride  imparts  to  zinc 
salts  when  heated  before  the  blowpipe. 

The  vapour  density  of  zinc  is  32*5,  or  one  half  its  atomic 
weight.  Hence  the  molecule  of  zinc  in  the  gaseous  con- 
dition, unlike  the  greater  number  of  elements,  contains  only 
one  atom. 


CADMIUM. 

Symbol  Q^y  Atomic  Weight  111*9,  Density  of  Vapour  558. 

This  is  a  comparatively  rare  metal,  occurring  in  small 
quantities  in  most  zinc  ores.  In  its  chemical  relations  it 
closely  resembles  zinc.  It  is,  however,  more  volatile  than  the 
latter  metal,  and  therefore  distils  over  first  in  the  preparation 
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of  zinc.  Cadmium  is  a  white  ductile  metal  having  a  specific 
gravity  of  8*6,  melting  at  315°  and  boiling  at  860®.  It  may 
be  easily  distinguished  and  separated  from  zinc  as  it  yields 
a  bright  yellow  sulphide  insoluble  both  in  alkaline  sulphides 
and  in  hydrochloric  acid.  The  metal  takes  fire  when  heated 
in  the  air,  forming  a  brown  oxidty  CdO.  The  chloride^ 
CdCl2)  and  sulphate^  CdSOi,  are  soluble  well-crystallizing 
salts.  Cadmium  iodide^  Cdl,,  is  occasionally  used  in  photo- 
graphy, and  the  yellow  sulphide^  CdS,  has  been  employed 
as  a  pigment.  The  vapour  density  of  cadmium  is  half  its 
atomic  weight ;  hence  the  molecule  of  cadmium  gas,  like 
that  of  zinc  and  mercury  (see  pp.  211,  223),  contains  one 
atom  of  the  metal. 


LESSON  XXII 
Class  IV. -The  Lead  Group.— Z^^^<^  Thallium 

LEAD 

Symbol  Pb  {Plumbum)^  Atomic  Weight  206*4,  Specific 

Gravity  11*3 

Lead  only  occurs  free  in  nature  in  very  minute  quantities ; 
all  the  lead  of  commerce  is  obtained  from  galena^  or  lead 
sulphide,  PbS.  The  mode  of  reducing  lead  from  this  ore  is  a 
very  simple  one  ;  the  galena  is  roasted  in  a  reverberatory  fur- 
nace, with  the  addition  of  a  small  quantity  of  lime  to  form  a 
fusible  slag  with  any  siliceous  mineral  matter  present  in  the 
ore.  By  the  action  of  the  air  a  portion  of  the  sulphide  is 
oxidized  to  sulphate,  whilst  in  another  portion  the  sulphur 
bums  off  as  sulphur  dioxide,  and  lead  oxide  is  left  behind  ; 
after  the  lapse  of  a  certain  time  the  air  is  excluded  and  the 
heat  of  the  furnace  raised ;  the  lead  sulphate  and  oxide 
formed  both  decompose  the  remaining  sulphide,  giving  off 
sulphur  dioxide  and  leaving  metallic  lead  behind : 

(1)  PbS04  +  PbS  =  2Pb  +  2S0j. 

(2)  2PbO    +  PbS  =  3Pb  +  SOf 
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Galena  almost  always  contains  a  small  quantity  of  silver, 
which  is  extracted  by  a  process  described  on  p.  225.  Lead 
is  a  bluish-white  coloured  metal,  and  so  soft  that  it  may  be 
scratched  with  the  nail ;  it  may  be  drawn  out  to  wire,  or 
hammered  into  plate,  but  possesses  little  tenacity  or  elasti- 
city, and  a  wire  2  mm.  in  diameter  breaks  with  a  load  of  2 
kilos.  Lead  melts  at  334",  and  at  a  higher  temperature 
volatilizes,  though  not  in  quantity  sufficient  to  enable  it  to 
be  distilled. 

The  bright  surface  of  the  metal  remains  permanent  in  dry 
air,  but  it  soon  becomes  tarnished  in  moist  air,  owing  to  the 
formation  of  a  film  of  oxide  ;  and  this  oxidation  proceeds 
rapidly  in  presence  of  a  small  quantity  of  weak  acid,  such  as 
carbonic  or  acetic.  In  pure  water  freed  from  air  lead  also 
preserves  its  lustre  ;  but  if  air  be  present,  lead  oxide  is 
formed,  and  this  dissolving  slightly  in  the  water  a  fresh  por- 
tion of  metal  is  exposed  for  oxidation.  This  solvent  a 
of  water  upon  lead  is  a  matter  of  much  importance,  owing  to 
the  common  use  of  lead  water-pipes,  and  the  peculiarly 
poisonous  action  of  lead  compounds  upon  the  system  when 
taken  even  in  minute  quantities  for  a  length  of  time.  The 
small  quantity  of  certain  salts  contained  in  all  spring  and 
river  waters  exerts  an  important  influence  0  ' 
lead  :  thus  waters  containing  nitrates  or  chlorides  are  liable 
to  contamination  with  lead,  whilst  those  hard  v 
taining  sulphates  or  carbonates  may  generally  be  brought 
into  contact  with  lead  wiihout  danger,  as  a  thin  deposit 
of  sulphate  or  carbonate  is  formed,  which  preserves  the 
metal  from  further  action.  If  the  water  contains  much 
free  carbonic  acid,  it  should  not  be  allowed  t 
into  contact  with  lead,  as  the  carbonate  dissolves  in  water 
containing  this  substance.  The  presence  of  lead  ii 
may  easily  be  demonstrated  by  passing  a  current  of  sul- 
phuretted hydrogen  through  a  deep  column  of  the  acidi- 
fied water,  and  noticing  whether  the  liquid  assumes  a  brown 
tinge  owing  to  the  formation  of  lead  sulphide. 

Three  compounds  of  lead  and  oxygen  are  known  ; 

I.  Lead  Monoxide,  or  Litharge,  PbO,  a  straw-coloured 
powder,  obtained  by  heating  lead  in  a  current  of  air,  fuses 
at  a  red  heat,  solidifying  to  scaly  crystals  termed  litharge  or 
masiicnl.     Lead  oxide  is  soluble  in  caustic  potash,  and  is 
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deposited  from  a  hot  solution  in  the  form  of  rhombic 
prisms.  This  oxide  forms  with  acids  the  important  «enes  of 
lead  salts,  which  are  generally  colourless,  the  soluble  ones 
acting  as  violent  poisons.  Lead  oxide  combines  with  silica 
to  form  an  easily  fusible  silicate,  or  glass :  thus  earthen 
crucibles  in  which  the  oxide  is  fused  are  rapidly  attacked. 
The  white  hydrated  oxide  Pb  (OH)2is  obtained  by  precipitat- 
ing a  soluble  salt  of  lead  by  caustic  potash,  and  this  when 
heated  yields  the  oxide. 

2.  Lead  Dioxide,  or  Puce-coloured  Oxide,  PbOj. — This 
oxide  is  a  brown  powder  obtained  by  passing  chlorine  through 
the  hydrated  monoxide,  or  by  digesting  red  lead  with  nitric 
acid.  Lead  dioxide  does  not  form  salts  with  acids.  When 
heated  it  yields  up  half  its  oxygen ;  when  acted  upon  with 
warm  hydroehloric  acid,  chlorine  is  evolved,  and  lead 
chloride  is  formed. 

3.  Red  Oxide,  or  Red  Lead,  a  compound  of  the  two  last 
oxides,  having  the  composition  Pb304  or  2  PbO  +  PbOg. 
It  is  obtained  by  exposing  massicot  to  the  air  at  a  moderate 
red  heat,  oxygen  being  absorbed.  Red  lead  is  chiefly  used 
in  glass-making  (see  p.  231).  When  treated  with  dilute 
nitric  acid  the  lead  monoxide  dissolves,  forming  soluble 
lead  nitrate,  leaving  the  puce-coloured  oxide  behind. 

Lead  Nitrate,  Pb(N03)2,  is  the  most  important  of  the 
soluble  salts  of  lead.  This  compound  is  obtained  by  dis- 
solving the  oxide,  the  carbonate,  or  metallic  lead  in  warm 
nitric  acid  ;  it  crystallizes  in  octohedra,  and  dissolves  in 
eight  parts  of  cold  water,  and  when  heated  strongly  it  yields 
red  fumes  of  NO2  (see  p.  70). 

Lead  Acetate,  or  Sugar  of  Lead,  is  also  a  soluble  salt, 
which  will  be  described  under  Acetic  Acid. 

Almost  all  the  other  lead  salts  are  insoluble  in  water.  Lead 
Carbonate ^  PbCOs,  is  found  native  as  cerusite.  White  lead, 
so  much  used  as  a  paint,  is  a  compound  of  lead  carbonate 
and  lead  hydroxide.  This  same  compound  is  obtained  in  the 
pure  state  by  precipitating  a  cold  solution  of  the  nitrate  with 
an  alkaline  carbonate,  when  it  falls  down  as  a  white  powder. 
For  preparing  white  lead  in  quantity  two  plans  are  employed 
—  the  one  similar  in  principle  to  that  by  precipitation  as  above 
described ;  and  the  second  an  old  and  interesting  process, 
known  as  the  Dutch  method.     In  this  process  thin  sheets  of 


XXII  LEAD  CHROMATE  215 

lead  are  rolled  into  a  coil,  and  each  coil  placed  in  an  earthen 
pot  containing  a  small  quantity  of  crude  vinegar  (acetic  acid) ; 
several  hundreds  of  these  jars  and  coils  are  packed  on  a  floor 
in  a  bed  of  stable  manure  or  spent  tan-bark,  and  then  covered 
with  boards,  whilst  a  second  layer  of  pots  similarly  charged 
is  placed  above  ;  and  this  is  continued  until  the  building  is 
filled.  After  remaining  thus  for  several  weeks,  the  coils  are 
taken  out,  when  the  greater  part  of  the  lead  is  found  to  be 
converted  into  white  carbonate.  It  appears  that,  to  beg^n 
with,  a  lead  acetate  is  formed,  and  that  the  acetic  acid  is 
gradually  driven  out  from  its  combination  by  the  carbonic 
acid  evolved  from  the  putrefying  organic  matter,  and  thus 
enabled  to  unite  with  another  portion  of  the  lead  lying  under- 
neath that  which  was  first  attacked.  The  composition  of 
white  lead  varies  somewhat,  but  it  generally  corresponds 
pretty  closely  with  the  formula  2  PbCOg  +  Pb(0H)2. 

Lead  Sulphide^  or  Galena^  PbS,  is  found  native,  and  con- 
stitutes the  chief  ore  of  the  metal.  It  is  prepared  as  a  black 
precipitate  by  passing  sulphuretted  hydrogen  gas  through  a 
solution  of  a  lead  salt.  Galena  crystallizes  in  cubes  and 
octohedra,  and  possesses  a  bright  bluish-white  metallic 
lustre. 

Lead  Sulphate^  PbS04,  is  a  white  insoluble  salt,  which  is 
found  native,  and  is  prepared  artificially  by  adding  sulphuric 
acid  to  a  soluble  lead  salt. 

Lead  Chloride^  PbClg,  is  prepared  by  adding  hydrochloric 
acid  to  a  strong  solution  of  lead  nitrate,  when  a  crystalline 
precipitate  of  lead  chloride  is  formed.  It  dissolves  in  about 
thirty  parts  of  boiling  water,  separating  out  in  shining  needles 
on  cooling. 

Lead  Iodide^  Pbl2,  is  precipitated  in  the  form  of  splendid 
yellow  spangles,  when  hot  solutions  of  potassium  iodide  and 
lead  nitrate  are  mixed  and  allowed  to  cool. 

Lead  Chromatey  PbCr04,  ^s  a  yellow  insoluble  salt,  used 
as  a  pigment  under  the  name  of  chrome  yellow. 

The  lead  salts  in  general  are  isomorphous  with  those  of  the 
metals  of  the  second  class,  and  this  analogy  is  further  shown 
by  the  fact  that  the  sulphates  of  lead  and  of  barium  are  both 
insoluble  in  water.  Hence  it  is  usually  assumed  that  lead  is 
a  dyad.  We  are,  however,  acquainted  with  a  volatile  com- 
pound  of  lead  widi  an  organic  radical,    viz.,    lead-ethyl. 
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Pb(C2H5)4,  whose  vapour  density  is  162*5.  This  shows  that 
lead  is  a  tetrad  element,  at  least  that  organic  compounds 
contain  one  atom  of  tetrad  lead.  In  the  inorganic  compounds, 
on  the  other  hand,  lead  acts  as  a  dyad,  for  the  vapour-density 
(air  =1)  of  lead  chloride  has  been  found  to  be  9*6,  corre- 
sponding to  the  molecular  formula  PbCl2. 

Lead  can  easily  be  recognised, — First,  by  the  black  sul- 
phide, soluble  in  dilute  nitric  acid  ;  secondly,  by  the  white 
insoluble  sulphate  ;  thirdly,  by  the  yellow  iodide  and  chro- 
mate ;  and  fourthly,  by  the  easy  reduction  of  the  metal  in 
the  form  of  a  malleable  bead  when  any  of  the  salts  are 
heated  before  the  blowpipe  with  a  reducing  agent. 


THALLIUM. 

SymbolTX,  Atomic  Weight  2036,  Specific  Gravity  11*85. 

Thallium  was  discovered  in  1861  by  Mr.  Crookes,  by  means 
of  spectrum  analysis,  in  the  deposit  in  the  flue  of  a  pyrites 
burner  (see  p.  126).     The  presence  of  this  new  metal   is 
indicated  by  the  occurrence  of  a  splendid  green  line  in  the 
spectrum  (see  Chromolith  No.  5).     Metallic  thallium  closely 
resembles  lead  in  its  physical  properties  ;  the  freshly  cut  sur- 
face has  a  bluish-white  lustre,  which  rapidly  tarnishes  ;  it  is 
so  soft  that  it  receives  impressions  of  the  nail,  and  can  be 
easily  drawn  into  wire  ;  it  melts  below  a  red-heat.     It  is  found 
to  occur  in  many  specimens  of  iron  pyrites,  and  appears  to 
take  the  place  of  arsenic,  which  is  a  common  impurity  of  this 
mineral.     Metallic  thallium  undergoes  gradual  oxidation,  so 
that  it  is  best  preserved  in  water ;  when  strongly  heated  in 
oxygen,  it  takes  fire,  and  burns  with  a  bright  green  flame. 
Thallium  dissolves  easily  in  nitric  and  sulphuric  acids  with 
evolution   of  hydrogen,   but  more   slowly   in    hydrochloric 
acid  owing  to  the  insolubility  of  the  chloride.     Two  oxides 
of  this  metal  are  well  characterised.      Thallium  7nonoxide^ 
TI2O,  and  Thallium  Trioxide^  TlgOg.     Thallium  monoxide 
corresponds  in  composition,  and  somewhat  resembles  in 
properties,  the  alkali  potash,  K2O,  as  it  is  soluble  in  water, 
yielding  an   alkaline   caustic   solution,  thallium  hydroxide^ 
Tl(OH),  which  absorbs  carbonic  acid  from  the  air,  forms 
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a  well-defined  series  of  salts  termed  the  thallious  salts^ 
isomorphous  with  the  corresponding  potassium  compounds. 
Of  these  the  sulphate ^  TI2SO4,  and  the  mono-chloride^  TICI, 
are  the  most  important.  The  sulphate  is  a  soluble  salt, 
crystallizing  in  six-sided  prisms,  and  furnishing  octohedral 
crystals  of  an  alum  with  aluminium  sulphate 

AlsCSOJg  +  TI2SO4  +  24H2O ; 

whilst  the  chloride  is  only  slightly  soluble  in  water,  in  this 
respect  more  nearly  resembling  the  corresponding  lead  salt. 
Thallium  carbonate  TI2CO3,  is  also  a  soluble  salt,  requiring 
about  twenty-five  parts  of  cold  water  for  solution.  The 
sulphide^  TlgS,  is  an  insoluble  black  powder,  precipitated 
when  an  alkaline  sulphide  is  added  to  any  soluble  thallium 
compound.  A  series  of  thallic  salts  exists  corresponding 
to  the  trioxide  :  of  these  the  trichloride^  TICI3,  is  the  most 
important. 

The  soluble  thallium  salts  are  colourless,  and  act  as 
strong  poisons  ;  the  metal  is  precipitated  in  a  pulverulent 
form  when  a  piece  of  zinc  is  introduced  into  its  solutions.  It 
will  be  seen  that  the  properties  of  thallium  and  its  compounds 
are  intermediate  between  those  of  lead  and  the  alkalis. 

Thallium  can  readily  be  detected  by  the  insolubility  of 
its  sulphide,  iodide,  and  chloride,  in  which  it  resembles 
lead,  and  by  its  soluble  hydroxide,  and  insoluble  platinum 
double  salt,  in  which  it  resembles  potash. 
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LESSON  xxm 

Class  V.— The  Copper  Group 
Copper^  Mercury  y  Silver 

COPPER 

Symbol  Cu,  Atomic  Weight  63*1,  Specific  Gravity  8*93 

Copper  is  an  important  metal,  largely  used  in  the  arts, 
and  has  been  known  from  very  early  times,  as  it  occurs 
in  the  metallic  or  native  state,  and  is  moreover  easily 
reduced  from  its  ores.  Metallic  copper  is  found  in  con- 
siderable quantity  in  North  America  and  other  localities, 
crystallizing  in  cubic  and  octohedral  forms ;  but  the  chief 
sources  of  copper  are  the  following  ores :  (i)  a  compound 
of  copper,  sulphur,  and  iron  known  as  copper  pyrites^  Cu^S 
+  Fe2S3 :  (2)  cuprous  sulphide,  CU2S  ;  (3)  the  carbonate 
or  malachite^  CUCO3  +  CUH2O2,  or  Cu2(OH)2C03;  and 
(4)  the  red  or  cuprous  oxide,  CU2O.  The  Cornish  mines 
yield  large  quantities  of  copper,  whilst  much  ore  is  fur- 
nished by  Chili  and  South  Australia.  Pure  metallic  copper 
can  be  obtained  by  reducing  the  oxide  in  a  current  of 
hydrogen  gas,  or  by  the  electrolytic  decomposition  of  a  salt 
of  copper. 

Metallurgy  of  Copper. — The  process  for  obtaining  copper 
on  a  large  scale  from  the  carbonate  or  oxide  is  a  very  simple 
one,  viz.,  merely  reducing  these  ores  together  with  carbon  and 
some  silica  in  a  wind  furnace.  The  reduction  of  the  metal 
is  more  difficult  when  the  commoner  ore,  copper  pyrites,  is 
employed.  In  this  case  the  ore  is  repeatedly  roasted,  in 
order  partially  to  convert  the  cuprous  sulphide  into  oxide, 
and  the  roasted  ore  melted  in  a  reverberatory  furnace  with 
the  addition  of  sand  or  silicious  slag  :  in  this  operation  the 
cuprous  oxide  becomes  converted  into  the  corresponding 
sulphide,  whilst  the  iron  oxidizes  and  unites  with  the  silica  to 
form  a  light  and  fusible  slag.  The  impure  cuprous  sulphide 
fuses  and  sinks  to  the  lower  portion  of  the  furnace,  forming 
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the  **  mat "  or  coarse  metal :  and  by  repeating  this  operation 
a  pure  cuprous  sulphide  or  **fine  metal"  is  obtained.  In 
order  to  prepare  the  metallic  copper  free  from  sulphur,  this 
fine  metal  is  roasted,  and  afterwards  fused  in  contact  with 
the  air.  During  the  first  part  of  the  operation  a  portion  of 
the  sulphur  is  burnt  off,  cupric  oxide  being  formed  ;  and  in 
the  latter  stages  of  the  process  this  oxide  acts  upon  the  re- 
maining quantity  of  sulphide,  forming  sulphur  dioxide  and 
metallic  copper : — 

CujS  +  2CuO  =  SOj  +  4Cu. 

In  order  to  get  rid  of  the  last  traces  of  oxide,  the  molten 
copper  is  "  poled  "  or  stirred  up  with  a  piece  of  green  wood. 

Metallic  copper  possesses  a  peculiar  deep  red  colour, 
which  is  best  seen  when  a  ray  of  light  is  several  times  re- 
flected from  a  bright  surface  of  the  metal ;  it  is  very  malleable 
and  ductile,  and  possesses  great  tenacity,  a  wire  of  two  mms. 
in  diameter  supporting  a  weight  of  140  kilos.  ;  it  melts  at  a 
red-heat,  and  is  slightly  volatile  at  a  white-heat,  communi- 
cating a  green  tint  to  a  flame  of  hydrogen  gas,  which  is 
passed  over  it ;  and  it  is  one  of  the  best  conductors  of  heat 
and  electricity.  Copper  does  not  oxidize  either  in  pure  dry 
or  moist  air  at  ordinary  temperatures,  but  if  heated  to  redness 
in  the  air,  it  rapidly  oxidizes  to  scales  of  copper  oxide. 
Steam  is  not  decomposed  by  metallic  copper  at  a  red-heat. 
Finely  divided  copper  dissolves  in  hydrochloric  acid  with 
evolution  of  hydrogen  ;  when  heated  with  strong  sulphuric 
acid,  sulphur  dioxide  (p.  121)  is  evolved,  and  copper  sulphate 
formed  ;  and  when  acted  upon  with  nitric  acid,  copper  nitrate 
is  produced,  and  nitric  oxide  (p.  68)  liberated. 

Alloys  of  Copper, — Many  of  the  copper  alloys  are  of  im- 
portance. Brass  is  an  alloy  containing  about  two-thirds 
of  copper  and  one-third  of  zinc ;  it  is  harder  than  copper 
and  can  be  more  easily  worked  :  the  addition  of  one  to  two 
per  cent,  of  lead  improves  the  quality  of  brass  for  most 
purposes.  The  yellow-  or  muntz-metal,  used  for  the  sheath- 
ing of  ships,  contains  sixty  per  cent,  of  copper.  Bronze, 
gun-metal,  bell-metal,  and  speculum-metal  are  other  alloys  of 
copper  and  tin  in  varying  quantities.  They  are  all  remark- 
able for  the  property  of  being  hard  and  brittle  when  slowly 
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cooled,  but  of  becoming  soft  and  malleable  if  they  are 
cooled  suddenly  when  red-hot  by  dipping  into  cold  water. 

Copper  forms  two  series  of  compounds,  the  cuprous  and  the 
cupric  salts.  In  the  latter  copper  acts  as  a  dyad,  whilst  in  the 
former  it  appears  to  be  a  monad.  A  hypothesis  has  been 
largely  accepted,  which  regards  copper  as  a  dyad  in  both 
series  of  compounds  (see  also  p.  228).  The  graphical  for- 
mulae of  the  cupric  and  cuprous  salts  would  then  be  as 
follows : 


Cupric  Oxide,        Cuz:0. 

yCl. 

„    Chloride,  Cu^ 


Cuv 

Cuprous  Oxide  |    ^O 
Ctt^ 

Cu— CI. 
„     Chloride! 

Cu— CL 


Cupric  Compounds. 

Copper  Monoxide^  Cupric  Oxide ^  or  Blcu:k  Oxide,  CuO. — 
This  oxide  is  formed  when  copper  is  heated  in  the  air 
or  when  copper  nitrate  is  heated  to  redness  :  it  yields  the 
blue  and  green  cupric  salts,  imparts  a  light  green  colour 
to  glass,  and  it  is  used  in  the  laboratory  as  a  means  of 
giving  oxygen  for  the  combustion  of  organic  substances 
(see  Organic  Chefnistry).  Hydrated  copper  oxide,  Cu(OH)2, 
is  obtained  as  a  light  blue  precipitate  when  a  caustic  alkali 
is  added  to  a  cupric  salt :  when  this  is  heated  to  100°,  it 
loses  its  water,  and  the  anhydrous  oxide  falls  as  a  black 
powder.  Cupric  oxide  is  soluble  in  acids,  furnishing  a  series 
of  salts  which  crystallize  well.  Of  these  the  most  important 
soluble  compounds  are  : 

Copper  Sulphate,  CUSO4  +  5H2O. — This  salt  is  some- 
times known  as  blue  vitriol,  and  is  largely  manufactured  by 
dissolving  copper  oxide  (copper  scales)  in  sulphuric  acid.  It 
crystallizes  in  large  blue  crystals  belonging  to  the  triclinic  or 
asymmetric  system  (Fig.  60) ;  when  heated  to  redness,  it  loses 
all  its  water  of  crystallization,  and  forms  a  white  powder,  which 
again  at  a  higher  temperature  decomposes,  leaving  copper 
oxide.  Copper  sulphate,  or  cupric  sulphate,  is  employed  in 
calico-printing,  and  in  the  manufacture  of  Scheele's  g^een 
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and  Brunswick  green,  and  other  copper  pigments.  Cupric 
sulphate  and  the  other  copper  salts  give,  with  excess  of 
ammonia,  a  deep-blue  coloured  solution,  forming  a  remark- 
able compound,  capable  of  crystallizing,  having  the  com- 
position CUSO4  H-  4  NHj  -|-  H2O.  On  heating  this  com- 
pound green  cuprammonium  sulphate  is  obtained,  CUSO4 
-\-  2NH3  ;  this  may  be  considered  to  be  ammonium  sulphate 
in  which  two  atoms  of  hydrogen  have  been  replaced  by  one 

atom  of  dyad  copper  ;  thus  :      nh"  I   ^^**     Many  similar 

copper  compounds  are  known,  and  the  production  of  this 
blue  colour  may  be  used  as  a  test  for  the  presence  of  copper. 

Copper  Nitrate^  Cu(N03)2  + 6H2O,  a  very  soluble  salt, 
crystallizing  in  large  blue  prisms,  is  obtained  by  dissolving 
copper  in  nitric  acid.  Copper  chloride^  CUCI2,  is  formed 
when  copper  is  brought  into  chlorine  gas,  or  when  copper 
oxide  is  dissolved  in  hydrochloric  acid  ;  it  forms  green  needle- 
shaped  crystals,  CUCI2+2H2O,  soluble  in  water  and  alcohol. 
The  alcoholic  solution  bums  with  a  characteristic  gfreen 
flame. 

The  insoluble  copper  salts  are :  Copper  sulphide^  CuS, 
obtained  as  a  black  precipitate,  when  sulphuretted  hydrogen 
gas  is  passed  through  an  acidified  solution  of  copper  salt ; 
Copper  carbonate y  CuCOg,  is  not  known  in  the  pure  state, 
as  the  g^een  precipitate  obtained  by  adding  a  solution 
of  an  alkaline  carbonate  to  a  copper  salt  always  contains 
hydrated  oxide,  CuC03-t-Cu(OH)2,  and  is  identical  with  the 
mineral  malachite.  The  mineral  chessylite  possesses  a 
somewhat  similar  composition,  viz.,  Cu3(0 11)2(003)2 ;  Copper 
arsentte,  CuHAsOs,  or  Scheele's  green,  a  bright  green 
powder  used  as  a  pigment,  and  obtained  by  mixing  solutions 
of  sodium  arsenite  and  copper  sulphate. 

Cuprous  Compounds. 

Cuprous  Oxide,  or  Red  Oxide,  CU2O,  occurs  native  in  ruby- 
red  octohedral  crystals.  It  is  artifically  prepared  by  heating 
equivalent  quantities  of  cupric  oxide  and  copper  filings,  or  by 
boiling  a  solution  of  copper  sulphate  and  sugar,  to  which 
excess  of  caustic  potash  has  been  added  :  the  sugar  reduces 
the  copper  salt,  and  cuprous  oxide  is  precipitated  as  a  bright 
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red  powder.  Cuprous  oxide  imparts  to  glass  a  splendid 
ruby-red  colour  ;  it  forms  colourless  salts  with  acids,  which 
rapidly  absorb  oxygen  from  the  air,  and  pass  into  the  corre- 
sponding cupric  compounds.  The  most  important  of  these 
salts  is  cuprous  chloride,  CuCl,  a  white  solid  substance 
obtained  by  dissolving  a  mixture  of  cupric  oxide  and  metallic 
copper  in  hydrochloric  acid :  it  is  insoluble  in  water  but  its 
solution  in  hydrochloric  acid  or  ammonia  possesses  the 
remarkable  property  of  absorbing  carbonic  oxide  gas. 

Cuprous  Hydride,  CuH,  is  a  yellow  precipitate  obtained 
by  adding  a  solution  of  hypophosphorous  acid  to  a  warm 
solution  of  copper  sulphate.  This  compound  evolves 
hydrogen  when  heated,  and  takes  fire  when  thrown  into 
chlorine  gas. 


The  copper  salts  may  be  detected — (i)  by  the  black 
'insoluble  sulphide  ;  (2)  by  the  blue  hydroxide  turning  black 
on  heating  ;  (3)  by  the  deep  blue  coloration  with  ammonia  : 
(4)  by  the  deposition  of  red  metallic  copper  upon  a  bright 
surface  of  iron  placed  in  the  solution  : 

CUSO4  +  Fe  =  Cu  +  FeS04. 


MERCURY. 

Symbol  Hg  {Hydrargyrum),  Atomic  Weight  199*8,  Specific 
Gravity  at  o^  13*596,  Vapour  Density  99*9. 

Mercury  occurs  in  the  native  state,  but  the  chief  ore  of 
mercury  is  the  sulphide,  or  cinnabar,  which  occurs  at 
Almaden  in  Spain,  at  Idria  in  Illyria,  in  California,  and  also 
in  China  and  Japan.  The  metal  is  easily  obtained  by 
roasting  the  ore,  when  the  sulphur  burns  off  as  the  dioxide, 
and  the  metal  volatilizes,  and  its  vapour  is  condensed  in 
earthen  pipes. 

Mercury  is  the  only  metal  liquid  at  the  ordinary  tempera- 
ture ;  it  freezes  at  —  40°,  crystallizing  in  octahedra ;  in  the 
solid  state  it  is  malleable,  and  possesses  a  specific  gravity  of 
14*0.      It  boils  at  350°  (measured  by  the  air  thermometer), 


xxin  MERCURIC  CHLORIDE  223 

and  gives  off  a  slight  amount  of  vapour  at  the  ordinary  tem- 
perature. The  density  of  its  vapour  when  air  =  i,  is  6*697, 
and  its  vapour  is  100  times  as  heavy  as  hydrogen.  Hence 
its  vapour  density,  like  that  of  zinc  and  cadmium,  is  one  half 
the  atomic  weight,  and  the  molecules  of  mercury  are  mon- 
atomic.  Mercury  when  pure  does  not  tarnish  in  moist  or  dry 
air,  but  when  heated  above  350°  it  slowly  absorbs  oxygen, 
passing  into  the  red  oxide  ;  and  it  combines  directly  with 
chlorine,  bromine,  iodine,  and  sulphur.  Hydrochloric  acid 
does  not  attack  mercury  ;  sulphuric  acid,  on  heating,  forms 
sulphur  dioxide  (p.  68)  and  mercuric  sulphate ;  and  nitric 
acid  evolves  nitric  oxide,  and  forms  mercurous  or  mercuric 
nitrate.  Mercury  is  largely  used  in  the  processes  of  extracting 
gold  and  silver  from  their  ores  (pp.  225  and  260),  and  in  the 
arts  for  silvering  mirrors  and  other  purposes.  Mercury  is 
deposited  from  its  solutions  upon  metallic  iron  or  copper, 
in  the  form  of  a  grey  powder,  which  becomes  bright 
on  burnishing.  Mercury  and  its  salts  act  as  valuable 
medicines. 

Mercury  is  a  dyad,  and,  like  copper,  forms  two  oxides, 
HgO  and  Hg20,  yielding  two  series  of  compounds,  the 
mercuric  and  mercurous  salts. 


Mercuric  Compounds, 

Mercury  Monoxide^  or  Mercuric  Oxide^  HgO,  is  obtained 
by  moderately  heating  the  nitrate,  or  by  heating  the  metal 
in  the  air  for  some  time  at  a  temperature  of  300".  The  oxide 
thus  prepared  appears  as  a  red  crystalline  powder  :  by  preci- 
pitating it  from  a  solution  of  the  nitrate  by  caustic  potash  it 
falls  as  an  amorphous  yellow  powder. 

Mercuric  Nitrate^  Hg(N0^2>  ^s  formed  by  the  action  of 
excess  of  nitric  acid  upon  mercury,  or  the  oxide. 

Mercuric  Chloride^  or  Corrosive  Sublimate^  HgCl2,  is  pre- 
pared on  a  large  scale  by  heating  an  intimate  mixture  of 
equal  parts  of  mercuric  sulphate,  HgS04,  and  common  salt : 

HgS04  +  2NaCl  =  HgClj  +  Na^SO*. 

It  is  also  formed  when  mercury  burns  in  chlorine.  It  acts 
as  a  violent  poison  ;  it  is  soluble  in  water,  crystallizing  in 
rectangular  octohedra  :  it  fuses  at  265°,  and  boils  at  295°. 
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When  ammonia  is  added  to  a  solution  of  mercuric  chloride, 
the  so-called  white  precipitate^  which  is  a  chloride  of  mercury- 
ammonium,  NHjHgCl,  is  thrown  down  : 

2NH,  +  HgCl,  =  NHjHgCl  +  NH4CI. 

Mercuric  Sulphide^  Cinnabar  or  Vermilion^  HgS,  oc- 
curs native,  and  may  be  prepared  artificially  by  heating  a 
mixture  of  sulphur  and  mercury.  When  precipitated  from 
a  solution  of  mercuric  salt  by  sulphuretted  hydrogen,  the  sul- 
phide falls  as  a  black  amorphous  powder,  but  on  sublimation 
it  becomes  red  and  crystalline. 


Mercurous  Compounds, 

The  most  important  of  these  compounds  is 

Mercurous  Chloride^  or  Calomel^  HgCL — It  is  gener- 
ally prepared  by  heating  a  mixture  of  three  parts  of  finely- 
divided  metallic  mercury  with  four  parts  of  corrosive 
sublimate  ;  the  metal  combines  with  half  the  chlorine  of 
the  corrosive  sublimate,  two  molecules  of  calomel  being 
formed, 

HgClj,  +  Hg  =  2HgCl. 

The  calomel  sublimes,  and  is  deposited  in  a  solid  cake : 
it  must  be  finely  ground  and  well  washed,  in  order  to  free 
it  from  any  soluble  mercuric  chloride  which  may  remain 
undecomposed.  Calomel  is  a  white  powder,  insoluble  in 
water ;  it  is  decomposed  by  potash  and  turned  black  by 
ammonia.     It  is  used  largely  in  medicine. 

Mercurous  Oxide,  HggO,  is  obtained  as  a  black  powder 
by  digesting  calomel  with  excess  of  caustic  potash.  On 
exposure  to  light,  or  when  heated  to  100°,  it  decomposes  into 
mercury  and  mercuric  oxide. 

Mercurous  Nitrate,  HgNOs,  is  prepared  by  acting  with 
dilute  nitric  acid  upon  an  excess  of  mercury. 


The  mercury  compounds  can  be  readily  recognised — (i)  by 
precipitation  of  black  mercuric  sulphide,  insoluble  in  nitric 
acid ;  (2)  by  the  reduction  of  liquid  globules  of  the  metal 
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when  any  compound  is  strongly  heated  with  sodium  car- 
bonate in  a  small  tube  ;  (3)  by  the  deposit  of  metallic  mer- 
cury on  copper.  The  mercurous  salts  are  distinguished  by 
precipitating  calomel  when  a  chloride  is  added  to  a  soluble 
salt ;  whilst  the  mercuric  salts  may  be  detected  by  the 
formation  of  red  mercuric  iodide,  Hgl2. 


SILVER. 

Symbol  Ag,  Atomic  Weight  107*66,  Specific  Gravity  10*5. 

Silver  was  known  to  the  ancients.  It  is  found  in  the  native 
state,  as  well  as  combined  with  sulphur,  antimony,  chlorine, 
and  bromine.  It  is  also  contained  in  small  quantities  in 
galena  (p.  212) ;  and  it  can  be  extracted  with  profit  from  the 
lead  prepared  from  this  ore,  even  when  the  lead  contains 
only  two  or  three  ounces  of  silver  to  the  ton.  The  method 
thus  adopted  for  the  extraction  of  the  silver  depends  upon 
the  fact  that  the  whole  of  the  silver  can  be  concentrated  into 
a  small  portion  of  lead,  by  crystallization  ;  metallic  lead  free 
from  silver  separates  out  in  crystals,  and  a  rich  alloy  is  left. 
When  the  latter  reaches  the  concentration  of  300  oz.  silver  to 
the  ton  it  is  subjected  to  the  operation  of  cupellation^  in  which 
the  mixture  is  melted  in  a  furnace  on  a  porous  bed  of  bone- 
earth,  and  a  blast  of  air  blown  over  the  surface  :  the  lead 
oxidizes,  and  the  oxide  (litharge)  fuses,  and  partly  runs  away 
and  partly  sinks  into  the  porous  bed  of  the  furnace,  whilst 
the  silver  remains  behind  in  the  metallic  state. 

For  the  extraction  of  silver  from  the  other  ores,  a  process 
termed  amalgamation  is  employed,  in  which  mercury  is  used 
to  dissolve  the  metallic  silver.  The  argentiferous  ores  of 
Germany,  in  which  the  silver  occurs  in  combination  with 
sulphur,  are  worked  in  a  different  manner.  The  ore  is 
roasted  in  a  furnace  with  common  salt,  by  which  means  the 
silver  sulphide  is  converted  into  chloride  :  the  mixture  is  then 
placed  in  casks  which  can  be  made  to  revolve,  and  scrap-iron 
and  water  added.  The  iron  reduces  the  silver  to  the  metallic 
state  ;  and  when  this  is  fully  accomplished,  metallic  mercury  is 
/added :  this  forms  a  liquid  amalgam  with  the  silver  (and  gold 
if  any  be  present) ;  and  by  distilling  the  mercury  off,  the 
silver  is  obtained  in  an  impure  state,     A  somewhat  different 
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method  is  employed  in  South  America,  where  fiiel  is  expen« 
sive.  Silver  possesses  a  bright  white  colour  and  a  brilliant 
lustre,  which  it  does  not  lose  in  pure  air  at  any  temperature ; 
but  when  melted  in  the  air  it  possesses  the  singular  power 
of  absorbing  mechanically  a  large  volume  (twenty-two  times 
its  bulk)  of  oxygen  :  this  gas  it  again  gives  out  on  solidify- 
ing— a  phenomenon  technically  known  as  the  **  spitting** 
of  silver. 

Silver  is  the  best  conductor  of  heat  and  electricity  knowdy 
and  is  extremely  ductile  ;  one  gram  of  metal  can  be  drawn 
out  into  a  wire  of  2,600  meters  in  length.  Sulphur  combines 
at  once  with  silver,  forming  a  black  sulphide  :  silver  articles 
long  exposed  to  the  air  tarnish  from  this  cause,  the  sulphur 
being  derived  from  the  small  quantity  of  sulphuretted 
hydrogen  contained  in  the  air.  Silver  is  easily  soluble  in 
nitric  acid,  the  nitrate  being  formed  and  nitric  oxide  gas 
evolved  ;  it  also  dissolves  in  hot  sulphuric  acid  with  forma- 
tion of  the  sulphate  and  liberation  of  sulphur  dioxide.  This 
reaction  is  used  for  separating  silver  from  gold  (termed 
parting)^  the  latter  metal  not  being  attacked  by  sulphuric 
acid. 

Alloys  of  Silver, — Silver  itself  is  largely  used  in  the  pure 
state  for  various  purposes  in  the  arts,  but  it  is  usually  alloyed 
with  a  small  quantity  of  copper  when  employed  as  coin  or 
for  articles  of  plate.  The  English  coinage  contains  7*5  per 
cent,  of  copper  in  the  standard  silver,  whilst  the  French 
contains  10  per  cent. 

Compounds  of  Silver, 

Silver  forms  two  compounds  with  oxygen.  The  first,  a 
strong  base  termed  Silver  monoxide^  AggO,  is  obtained 
in  the  form  of  a  brown  precipitate  when  caustic  potash  is 
added  to  a  solution  of  silver  nitrate.  From  this  oxide, 
which  is  decomposed  into  metal  and  oxygen  on  heating, 
the  ordinary  silver  salts  may  be  derived  by  dissolving  it  in 
acids.  The  second  oxide  is  called  Silver  dioxide ^  Ag202, 
and  is  obtained  as  a  black  powder  by  the  action  of  ozone  on 
metallic  silver. 

Silver  Nitrate^  AgNOg,  is  the  most  important  soluble  salt 
of  silver.    Is  is  obtained  in  the  form  of  large  transparent 
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tabular  crystals  on  evaporating  a  solution  of  silver  in  nitric 
acid,  and  is  soluble  in  its  own  weight  of  cold-  and  half  its 
weight  of  hot-water,  and  in  four  parts  of  alcohol.  Silver 
nitrate  fuses  easily  on  heating,  and  when  cast  into  sticks  goes 
by  the  name  of  lunar  caustic.  This  salt  undergoes  decom- 
position when  exposed  to  the  sunlight  in  contact  with  organic 
matter,  and  a  black  substance,  of  unknown  constitution,  is 
formed  :  hence  it  is  employed  in  the  manufacture  of  an 
indelible  ink  for  marking  linen  and  other  fabrics. 

Silver  Chloride ^  AgCl,  is  the  most  important  of  the  inso- 
luble salts.  This  salt  occurs  in  nature,  and  is  then  known 
as  horn  silver,  and  is  precipitated  as  a  white  curdy  mass 
when  solutions  of  a  chloride  and  a  silver  salt  are  brought 
together.  When  exposed  to  sun-  or  day-light,  the  white 
chloride  assumes  a  purple  tint,  which  increases  in  depth 
as  the  action  of  light  continues.  This  coloration  arises 
from  a  partial  decomposition  of  the  salt,  a  small  quantity 
of  argentous  chloride  and  free  hydrochloric  acid  being 
formed.  In  presence  of  organic  matter  this  change  takes 
place  much  more  rapidly ;  and  upon  this  fact  the  phe- 
nomena of  photography  depend.  Silver  chloride  fuses  at 
about  260°,  and  at  higher  temperatures  volatilizes ;  it  is  easily 
reduced  to  metallic  silver  in  presence  of  zinc  and  sulphuric 
acid.  The  chloride  is  perfectly  insoluble  in  pure  water,  but 
it  dissolves  appreciably  in  strong  hydrochloric  acid  and  in  a 
solution  of  common  salt,  whilst  it  dissolves  easily  in  am- 
monia :  it  is  also  readily  soluble  in  a  solution  of  sodium  thio- 
sulphate  (p.  129) :  and  it  is  for  this  reason  that  the  latter  salt 
is  used  for  "fixing"  photographic  pictures — that  is,  dissolving 
out  the  unaltered  silver  salt,  and  thus  rendering  the  image 
permanent. 

Silver  Bromide,  AgBr,  falls  as  a  white  precipitate,  when 
silver  nitrate  is  added  to  an  alkaline  bromide ;  it  is  also 
acted  upon  by  the  light,  and  is  soluble  in  ammonia  and  alka- 
line thiosulphates.  Silver  Iodide,  Agl,  is  a  yellow  powder 
insoluble  in  water  and  ammonia,  but  dissolved  by  alkaline 
thiosulphates.  Silver  Sulphide,  AggS,  occurs  native  in  cubic 
crystals,  as  silver  glance ;  is  is  precipitated  as  a  black  powder 
by  passing  sulphuretted  hydrogen  through  solutions  of  salts 
of  silver. 

It  will  be  seen  that  the  silver  salts  are  in  every  respect 

Q  2 
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analogous  to  the  cuprous  and  mercurous  salts,  and  that  in 
all  of  them  the  metals  acts  as  monads.  As  mentioned  on 
p.  220,  a  hypothesis  has  been  largely  accepted  that  in  all 
these  salts  the  formulae  given  above  must  be  doubled,  and 
that  the  metals  act  in  reality  as  dyads,  as  will  be  seen  from 
the  following  formulae : 

Cuprous  Chloride.  Mercurous  Chloride.  Silver  Chloride. 

Cu— CI  Hg— CL  Ag— CL 

I  I  I 

Cu  -  CI.  Hg-CL  Ag— CL 

This  hypothesis  has  been  to  some  extent  confirmed  by  the 
determination  of  the  vapour  density  of  cuprous  chloride, 
whereas  the  vapour  density  of  mercurous  chloride  agrees 
with  the  simpler  formula.  The  latter  may,  however,  be  in 
reality  due  to  the  fact  that  in  volatilization  mercurous  chloride 
splits  up  4nto  mercuric  chloride  and  mercury.  Nevertheless 
until  more  satisfactory  proofs  of  the  hypothesis  are  obtained 
it  is  preferable  to  use  the  simpler  formulae. 


Silver  can  be  easily  detected  when  in  solution  by  the  pre- 
cipitation of  the  white  curdy  chloride  on  addition  of  hydro- 
chloric acid  or  a  soluble  chloride,  insoluble  in  water  and 
nitric  acid,  and  soluble  in  ammonia  :  the  metal  can  be  easily 
obtained  in  malleable  globules  before  the  blowpipe,  whilst  it 
is  reduced  from  its  solutions  bv  metallic  iron,  copper,  and 
mercury.  Silver  is  estimated  quantitatively  either  as  the 
chloride  or  as  the  metal. 


ELECTROTYPE    PROCESS. 

A  firm  bright  deposit  of  such  metals  as  silver,  gold,  copper, 
nickel,  &c.,  can  be  obtained  upon  other  metals  or  upon  con- 
ducting surfaces  by  means  of  an  electric  current,  the  metal 
being  deposited  upon  the  negative  pole.  In  the  case  of 
silver,  the  depositing  solution  is  cyanide  of  silver  dissolved 
in  cyanide  of  potassium. 


/i 
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Class  VI. — Contains  the  following  Rare  Metals  : — 

Yttrium^  Erbium^  Cerium^  Lanthanum^  Didymium,  Terbium^ 
Ytterbiuniy  Scandium^  Samarium, 

These  metals  are  chiefly  found  in  minerals  occurring  in 
Scandinavia  and  the  United  States,  of  which  the  most 
important  are  gadolinite^  cerite,  orthite^  and  samarskite. 
The  metals  cerium,  lanthanum,  and  didymium  have  been 
isolated  ;  they  are  malleable,  and  possess  an  iron-grey  colour. 
All  the  members  of  the  group  form  basic  sesquioxides,  and 
their  sulphates  combine  with  potassium  sulphate  to  form 
double  salts  such  as  Ce2(S04)3.K2S04. 


Class  VI L— The  Aluminium  Group. 
Aluminium^  Gallium ^  Indium, 

Aluminium. 
Symbol  Al,  Atomic  Weight  27*0,  Specific  Gravity  2*6. 

This  metal  occurs  in  large  quantities  combined  with  silicon 
and  oxygen  in  felspar  and  aJl  the  older  rocks,  and  also  in 
clay,  marl,  slate,  and  in  many  crystalline  minerals.  Metallic 
aluminium  is  obtained  by  the  action  of  sodium  at  a  high  tem- 
perature on  the  double  chloride  of  sodium  and  aluminium, 
and  also  by  electrolysis.  It  is  now  manufactured  on  a  large 
scale,  and  from  its  lightness  (specific  gravity  2*6)  and  its 
bright  lustre,  it  has  been  used  for  the  metallic  portions  of 
optical  instruments  as  well  as  for  ornamental  work. 

Alumina,  AlgOg ;  Specific  Gravity  3*9. — This  is  the  only 
oxide  of  aluminium  known.  It  occurs  native  in  a  nearly 
pure  and  crystalline  state  as  corundum,  ruby,  sapphire,  and 
in  a  less  pure  state  as  emery.  Alumina  is  prepared  by  adding 
ammonia  to  a  solution  of  alum  ;  a  white  precipitate  of  the 
hydroxide,  Al(OH)3,  falls  down,  and  this  on  being  heated 
yields  a  white  amorphous  powder  of  pure  alumina.  This  latter 
substance  is  attacked  with  difficulty  by  acids,  but  the  hy- 
droxide is  easily  soluble  in  acids  and  in  the  fixed  caustic  alkalis. 
Alumina  acts  as  a  weak  base  :  the  commonest  aluminium 
salts  are  the  alums,  and  their  solutions  have  an  acid  reaction. 
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Alumina  is  largely  used  in  dyeing  and  calico-printing 
as  a  mordant,  as  it  has  the  power  of  fonning  inscduble 
compounds  called  lakes  with  vegetable  colouring  matter,  and 
thus  renders  the  colour  permanent  by  fixing  it  in  the  pores  of 
the  cloth  so  that  it  cannot  be  washed  out :  such  colours  are 
termed  yc/jr/. 

Aluminium  Chloride^  AICI3,  is  a  volatile  white  solid  body, 
obtained  by  heating  a  mixture  of  alumina  and  charcoal  in  a 
current  of  chlorine  gas  ;  it  is  used  in  the  manufacture  of  the 
metal.  The  vapour  density  of  this  compound  is  found  to 
correspond  to  the  molecular  formula  AICI3. 

Aluminium  Sulphate^  P^%{^0^^  is  a  soluble  salt  prepared 
on  a  large  scale  for  the  use  of  the  dyer  by  decomposing  clay, 
by  acting  upon  it  with  sulphuric  acid  :  the  solid  mixture  of 
silica  and  aluminium  sulphate  thus  obtained  goes  by  the 
name  of  alum-cake.  The  most  useful  compounds  of  alumina 
are,  however,  the  alums,  a  series  of  double  salts,  which  alumi- 
nium sulphate  forms  with  the  alkaline  sulphates.  Potash 
alum,  or  Aluminium  potassium  sulphate ^  has  the  composi- 
tion A1,(S04)3  +  KjSO^  +  24H2O,  and  crystallizes  in  regular 
octahedra  (Fig.  45).  It  may  be  prepared  by  dissolving  the 
two  sulphates  together,  and  allowing  the  compound  salt  to 
crystallize,  but  it  is  usually  obtained  from  the  decomposition 
of  a  shale  or  clay  containing  iron  pyrites,  FeSj :  this  sub- 
stance gradually  undergoes  oxidation  when  the  shale  is 
roiistcd,  absorbs  oxygen  from  the  air,  and  produces  sulphuric 
acid,  which  unites  with  the  alumina  of  the  clay,  and,  on  the 
tiddition  of  a  potassium  compound,  alum  crystallizes  out. 

Ammoma  alum  is  a  salt  containing  ammonium  instead  of 
potassium,  Al2(S04)3  +  (N  114)2804  4"  24H2O  ;  it  is  prepared 
on  a  large  scale,  the  ammonia  liquor  of  the  gasworks, 
together  with  sulphuric  acid,  being  added  to  the  burnt  shale 
instead  of  a  potassium  salt. 

A  large  number  of  other  alums  are  known,  in  which  the 
iiiomorphous  sesquioxides  of  iron,  chromium,  and  manganese 
arc  substituted  for  the  alumina  in  common  alum  :  all  these 
alvuuH  occur  in  octahedra,  and  cannot  be  separated  by 
cryjitalUxation  when  present  in  solution  together. 

Clay  is  an  aluminium  silicate  resulting  from  the  disinte- 
gration and  decomposition  of  felspar  by  the  action  of  air 
and  watcfi  the   soluble  alkali  being  washed  away.     The 
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formula  of  felspar  is  AlKSijOg,  or  Al303,K20.6Si02.  Kao- 
lin or  porcelain  clay  is  the  purest  form  of  disintegrated 
felspar,  containing  no  iron  or  other  impurities.  There  are 
many-  very  beautifully  crystalline  minerals,  consisting  of 
aluminium  silicates  combined  with  silicates  of  the  metals  of 
the  alkalis  and  alkaline  earths  :  amongst  others,  garnet, 
idocrase,  mica,  lepidolite,  &c.  Some  silicates,  such  as 
stilbite,  analcime,  &c.,  retain  water  of  crystallization,  and 
are  termed  zeolites. 

Aluminium  salts  can  be  detected  when  in  solution  by  giving 
with  ammonia  a  white  precipitate,  insoluble  in  excess,  but 
soluble  in  caustic  soda  :  the  solid  compounds  assiune  a  blue 
colour  when  moistened  with  cobalt  solution  and  heated 
before  the  blow-pipe. 
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The  silicates  of  the  alkali-metals  are,  as  we  have  seen, 
soluble  in  water  and  non-crystalline  ;  those  of  the  alkaline 
earths  are  soluble  in  acid  and  crystalline  ;  whilst  compounds 
of  the  two  are  insoluble  in  water  and  acids,  and  do  not  as- 
sume a  crystalline  form.  Such  a  compound  when  fused  is 
termed  a  glass.  There  are  four  different  descriptions  of 
glass  used  in  the  arts,  differing  in  their  chemical  composition 
and  exhibiting  corresponding  differences  in  their  properties  : 

(i)  Crown-  or  window-  djid.  plate-glass^  composed  of  sili- 
cates of  sodium  and  calcium. 

(2)  Bohemian  glass,  consisting  of  silicates  of  potassium  and 

calcium. 

(3)  Flint  glass  or  crystal,  containing  silicates  of  potas- 

sium and  lead  ;  and 

(4)  Common  green  bottle-glass,  composed  of  silicates  of 

sodium,  calcium,  iron,  and  aluminium. 

The  first  and  third  of  these  kinds  of  glass  are  easily  fusible, 
whilst  the  second  or  potash  glass  is  much  more  infusible  :  the 
addition  of  oxide  of  lead  increases  the  specific  gravity  and 
the  lustre  of  the  glass,  as  well  as  its  fusibility.  The  common 
glass  articles  for  household  use  are  generally  made  of  flint 
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glass,  whilst  for  chemical  apparatus  a  soda-lime-glass  is  to  be 
preferred.  The  potash-lime-glass  is  much  employed  where 
a  difficultly  fusible  or  hard  glass  is  needed,  as  for  instance  in 
the  manufacture  of  combustion  tubes  for  organic  analysis 
(see  Organic  Chemistry),  The  fourth  description  of  glass  is 
an  impure  mixture  of  various  silicates,  employed  for  purposes 
in  which  the  colour  and  fineness  of  the  glass  is  not  of 
consequence. 

In  the  preparation  of  all  the  fine  qualities  of  glass,  great 
care  is  requisite  in  the  selection  of  pure  materials,  as  well  as 
in  the  processes  of  manufacture  :  generally  the  materials  are 
melted  together  with  a  quarter  to  half  their  weight  of"  cuUet " 
or  broken  glass  of  the  same  kind.  After  the  glass  articles 
have  been  blown  or  cast,  they  must  be  exposed  to  the 
process  of  "  annealing,*'  or  slow  cooling  ;  otherwise  they  are 
so  brittle  as  to  be  perfectly  useless,  breaking  with  the  slightest 
touch,  owing  to  the  irregular  contraction  of  the  different  parts 
brought  about  by  rapid  cooling.  The  following  table  shows 
the  composition  of  the  chief  varieties  of  glass. 


Ingredients  for  various  Glasses, 
Crown  Glass, 


Quartz  Sand  .  . 
Mild  Lime  .  . 
Soda  Ash  .  .  . 
Sodium  Sulphate 
Arsenic  Trioxide 
Gullet     .... 


lOO  parts. 

36 
24 

12 

4 
100 


»> 


it 


it 
it 

a 


Mirror  Plate, 

Pure  Sand 100  parts. 

Soda  Ash 35 

Mild  Lime 5 

Arsenic  Trioxide   .    .      \ 
Gullet 100 


»» 


»» 

a 


a 


Bohemian  Glass, 

Pure  Sand 106  parts. 

Pure  Pearlash    ...    60    „ 

Chalk 8    „ 

Gullet 40    „ 

Manganese  Dioxide  .      }     y» 


Flint  Glass. 

Pure  Sand 100  parts. 

Red  Lead 20    ,, 

Pearlash 40    ,, 

Nitre 2 

Gullet    .    .    .    .  50  to  100 


it 


ti 


Coloured  Glass. — C-ertain  metallic  oxides  possess  the  power 
of  colouring  glass,  when  they  are  added  in  small  quantity. 
Thus  ferrous  oxide  produces  a  deep  green  colour  (bottle- 
glass),  whilst  the  oxides  of  manganese  impart  a  purple  tint 
to  glass.  These  facts  are  made  use  of  in  the  preparation  of 
colourless  glass;    for  as  it  is  difficult  to  obtain  materials 
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perfectly  free  from  ferrous  oxide,  which  imparts  a  deep  green 
colour,  a  small  quantity  of  manganese  dioxide  is  added  to  the 
mixture ;  this  oxidizes  the  iron  to  ferric  oxide  which  gives 
to  glass  a  faint  yellow  tint,  and  this,  in  combination  with  the 
violet  colour  imparted  by  the  manganese,  gives  rise  to  a 
nearly  colourless  glass.  The  addition  of  arsenic  tri oxide  and 
nitre  effects  the  same  end.  The  colours  of  precious  stones 
are  imitated  by  adding  certain  oxides  to  a  brilliant  lead  glass 
called  "  paste  "  :  thus  the  blue  of  the  sapphire  is  given  by  a 
small  quantity  of  cobalt  oxide,  whilst  cuprous  oxide  imparts 
a  ruby-red  colour,  and  ferric  oxide  a  yellow  colour  resembling 
topaz. 

Porcelain  and  Earthenware, — The  various  forms  of  por- 
celain and  earthenware  consist  of  silicate  of  aluminium,  in 
fact  clay,  in  a  more  or  less  pure  state,  covered  with  some 
substance  which  fuses  at  a  high  temperature,  and  forms  a 
glaze,  giving  a  smooth  surface  and  binding  the  material 
together,  and  thus  counteracting  the  porous  nature  of  the 
baked  clay.  For  the  manufacture  of  porcelain  the  finest 
white  or  China  clay  is  used,  resulting  from  the  gradual  de- 
composition of  felspar,  whilst  for  the  common  earthenware  a 
coloured  clay  may  be  employed.  The  glaze  used  for  porce- 
lain is  generally  finely  powdered  felspar,  the  biscuit  or  porous 
ware  being  dipped  into  a  vessel  containing  this  substance 
suspended  in  water,  and  then  strongly  fired.  The  articles 
thus  coated  can  be  used  for  chemical  purposes,  as  this  glaze 
withstands  the  action  of  acids.  For  earthenware  the  so-called 
"  salt  glaze  "  is  used.  The  mode  of  obtaining  this  glcize  con- 
sists in  throwing  some  common  salt  into  the  furnaces  con- 
taining the  strongly  heated  ware,  when  the  salt  is  volatilized 
and  undergoes  decomposition  on  the  heated  surface,  causing 
a  deposit  of  a  fusible  silicate  upon  it,  and  rendering  the  ware 
impervious  to  moisture. 


GALLIUM. 

Symbol  G,  Atomic  Weight  69'8, 

This  metal  was  discovered  in  1876  by  M.  de  Boisbaudran  in 
certain  zinc  ores  found  in  the  Pyrenees.  When  held  in  a  non  • 
luminous  gas  flame,  it  yields  a  characteristic  spectrum,  con- 
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sisting  of  two  bright  bands  in  the  blue  and  violet,  not  £ar  from 
the  bands  of  indium.  A  remarkable  property  of  this  metal  is 
its  low  melting-point,  as  it  fuses  at  30^  In  its  general  pro- 
perties this  metal  stands  between  aluminium  and  indium, 
and  is  identical  with  Mendel^ff 's  ekaluminium  (p.  266). 


INDIUM. 

Symbol  In,  Atomic  113*4. 

A  metal  discoved  in  1863  by  Messrs.  Reich  and  Richter, 
by  means  of  spectrum  analysis  in  certain  zinc  ores.  Its 
compounds  impart  a  blue  colour  to  Hame,  and  its  spectrum 
is  characterised  by  two  fine  indigo-coloured  lines,  seen  in 
No.  6  of  the  Chromolith.  Indium  is  a  soft  white  metal  re- 
sembling cadmium  in  its  appearance.  It  melts  at  176^,  and 
forms  a  sesquioxide,  InjOg,  and  a  chloride,  InQgi  in  these 
respects  resembling  aluminium. 


LESSON  XXIV 

Class  VIII.— The  Iron  Group 
Manganese^  Irotiy  Cobalt^  Nickel^  Chromium^  Uranium 

MANGANESE 

Symbol  Mn,  Atomic  Weight  55*0,  Specific  Gravity  8*o 

Manganese  occurs  in  nature  as  an  oxide,  and  it  can  be 
obtained,  though  with  difficulty,  in  the  metallic  state  by  heat- 
ing the  oxide  very  strongly  with  charcoal.  The  metal  is  of 
a  reddish-white  colour ;  it  is  brittle,  and  hard  enough  to 
scratch  glass.  It  decomposes  water  at  the  ordinary  tempera- 
ture, with  evolution  of  hydrogen  ;  it  cannot  be  preserved  in 
the  air  without  undergoing  oxidation,  and  must  be  kept 
under  naphtha,  or  in  a  sealed  tube  ;  it  is  slightly  magnetic, 
and  like  iron^  combines  with  carbon  and  silicon.    Metallic 
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manganese  is  not  used  in  the  arts,  but  an  alloy  of  this  metal 
and  iron  is  now  made  on  a  large  scale,  and  used  in  the 
manufacture  of  steel.  Some  of  its  oxides  are  used  for  the 
purpose  of  evolving  chlorine  from  hydrochloric  acid,  and 
also  for  tinting  glass  a  purple  colour. 

Manganese  forms  several  well-characterised  oxides. 

(i)  Manganous  oxide ^  or  manganese  monoxide^  MnO,  is  a 
basic  body,  furnishing  the  series  of  well-known  manganous 
salts,  in  which  the  oxygen  is  replaced  by  its  equivalent 
of  another  element,  or  an  acid  radical :  thus  MnO,  MnCl2, 
MnS04,  Mn(N0s)2. 

(2)  Manganic  oxide,  or  manganese  sesquioxide,  MnjOg, 
which  also  forms  salts,  but  of  a  much  less  stable  character, 
and  occurs  in  nature  as  the  mineral  braunite. 

(3)  Redy  or  mangano-manganic  oxide,  Mn304,  a  neutral 
body,  corresponding  to  the  magnetic  oxide  of  iron,  and 
occurring  in  nature  as  hausmannite. 

(4)  Bl€tck  oxide,  or  manganese  dioxide,  Mn02,  ^  neutral 
substance,  occurring  as  the  ore  of  manganese  in  the  minerals 
pyrolusite  and  varvacite. 

(5)  Manganese  trioxide,  MnOg,  which  is  an  extremely  un- 
stable substance. 

(6)  Manganese  hefitoxide,  MugO;,  a  dark  green  heavy 
liquid,  obtained  by  the  action  of  strong  cold  sulphuric  acid 
upon  potassium  permanganate. 

Manganese  Monoxide,  MnO,  is  a  greenish  powder,  ob- 
tained by  heating  the  carbonate  in  absence  of  air  ;  it  forms 
with  acids  a  series  of  pink-coloured  salts,  and  rapidly  absorbs 
oxygen,  passing  into  a  higher  state  of  oxidation.  The  hy- 
droxide is  precipitated  as  a  white  gelatinous  mass,  when  an 
alkali  is  added  to  a  solution  of  a  manganous  salt ;  this,  how- 
ever, rapidly  becomes  brown,  owing  to  absorption  of  oxygen. 
Of  the  manganous  salts,  the  chief  soluble  ones  are,  the  sul- 
phate, MnS04+  5H2O,  a  pink-coloured  crystalline  salt,  pre- 
pared by  acting  on  the  dioxide  with  sulphuric  acid,  oxygen 
gas  being  evolved — 

MnOa  +  H2SO4  =  MnSOi  +  O  +  HjO, 

and  the  chloride,  MnClg  +  4H2O,  a  salt  obtained  by  crys- 
tallization from  the  residues  in  the  manufacture  of  chlorine 
from  the  dioxide  and  hydrochloric  acid. 
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Among  the  insoluble  manganous  compounds  of  importance 
are  the  sulphide^  MnS,  obtained  as  a  flesh-coloured  precipi- 
tate by  the  addition  of  an  alkaline  sulphide  to  a  soluble  man- 
ganous salt,  and  the  carbonate  MnCOj,  which  occurs  native, 
crystallizing  like  calc-spar  in  rhombohedra,  and  prepared 
as  a  white  powder  by  precipitating  a  manganous  salt  with  an 
alkaline  carbonate. 

Manganese  Sesquioxidey  Mn203,  exists  in  nature  as  braunite^ 
and  may  be  prepared  artificially  by  exposing  manganous 
oxide  to  a  red  heat.  It  forms  a  series  of  somewhat  unstable 
salts,  of  which  the  manganese  alum  is  one  of  the  most  in- 
teresting, being  isomorphous  with  common  alum,  and  in 
which  Mn203  is  substituted  for  AlgOg. 

Manganese  Dioxide^  Mn02,  is  the  common  black  ore  of 
manganese,  and  is  termed  pyrolusite  by  mineralogists ;  it 
can  be  artificially  formed  by  adding  a  solution  of  bleaching 
powder  to  a  manganous  salt.  This  substance  yields  one-third 
of  its  oxygen  when  heated  to  redness  (see  p.  12),  forming  the 
red  oxide,  3Mn02=Mn304+02,  and  gives  up  half  its  oxygen 
when  heated  with  sulphuric  acid  (see  above).  It  is  largely 
used  for  the  manufacture  of  chlorine,  and  is  precipitated  as  a 
black  hydrated  powder  by  adding  an  alkaline  hypochlorite 
to  a  manganous  salt : 

NaClO  +  2NaOH  +  MnS04  =  NaCl  +  Na2S04  +  MnO-  + 

H2O. 

A  somewhat  similar  reaction  is  now  made  use  of  to  regain 
manganese  dioxide  from  the  manganese  liquors  of  the  chlo- 
rine stills  ;  for  this  purpose  the  acid  chloride  of  manganese 
solution  is  neutralized  by  limestone,  and  then  a  blast  of  air 
and  steam  blown  through  a  mixture  of  the  solution  with  milk 
of  lime.  Manganous  hydroxide  is  first  formed,  and  then  com- 
bines with  oxygen  forming  the  dioxide.  This  is  known  as 
Weldon's  process. 

Manganese  trioxide,  Mn03,  is  obtained  by  allowing  a  solu- 
tion of  potassium  permanganate  in  sulphuric  acid  to  drop 
on  to  sodium  carbonate.  It  is  a  reddish  amorphous  deliques- 
cent mass,  which  rapidly  decomposes  above  0°. 

Manganic  and  Permanganic  Acids, — When  an  oxide  of 
manganese  is  fused  in  the  air  with  caustic  alkali,  a  bright 
green  mass  is  formed  which  yields  a  dark  green  solution : 
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this  contains  potassium  manf^anate^  K2Mn04,  which  may  be 
crystallized,  and  is  isomorphous  with  potassium  sulphate  and 
chromate.  If  this  green  solution  be  allowed  to  stand,  it 
slowly  changes  to  a  bright  purple  colour,  and  hydrated  man- 
ganese dioxide  is  deposited,— hence  its  common  name  of 
mineral  chameleon :  it  then  contains  a  new  salt  in  solution, 
viz.  potassium  permanganate^  KMn04,  which  may  be  ob- 
tained in  the  crystalline  state  by  evaporation,  and  is  isomor- 
phous with  potassium  perchlorate.  The  presence  of  a  few 
drops  of  acid  at  once  effects  this  decomposition  of  the 
green  solution.  On  adding  strong  well-cooled  sulphuric 
acid  to  potassium  permanganate,  a  deep  green  heavy  liquid 
is  formed  ;  this  substance  is  Manganese  Heptoxide,  MngOj. 
It  is  easily  decomposed  on  heating,  evolving  oxygen,  and  as 
this  oxygen  contains  much  ozone,  an  easy  method  to  prepare 
ozonised  air  is  to  pour  strong  sulphuric  acid  upon. potassium 
permanganate. 

The  manganates  and  permanganates  readily  give  up  a  part 
of  their  oxygen  in  presence  of  organic  matter,  and  they  are 
now  largely  used  as  disinfectants,  and  known  as  Condy's 
liquids,  as  well  as  being  employed  in  the  laboratory  for  the 
purposes  of  volumetric  analysis. 

Manganese  is  chiefly  characterised  by  the  flesh-coloured 
sulphide,  and  by  the  formation  of  the  green  sodium  manga- 
nate — a  most  delicate  reaction. 


IRON. 

Symbol  Fe,  Atomic  Weight  55*9,  Specific  Gravity  7'%, 

Iron  is  of  all  metals  the  most  important  to  mankind.  The 
uses  of  iron  were  long  unknown  to  the  human  race,  the  age  of 
iron  implements  being  preceded  by  those  of  bronze  and  stone. 
Pure  metallic  iron  exists  only  in  very  small  quantity  on  the 
earth's  surface,  almost  entirely  occurring  in  those  peculiar 
structures  known  as  meteoric  stones,  which  have  an  extra- 
terrestrial origin.  The  process  of  obtaining  iron  from  its 
ores  is  a  somewhat  difficult  one,  and  requires  an  amount  of 
knowledge  and  skill  which  the  early  races  of  men  did  not 
possess. 

The  iron  of  commerce  exists  in  three  distinct  forms^  ex- 
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hibiting  very  different  properties,  and  possessing  different 
chemical  constitutions:  \y  wrought  iron;  2^  cast  iron;  3,  steel. 
The  first  is  nearly  pure  iron,  the  second  is  a  compound  of  iron 
with  varying  quantities  of  carbon  and  silicon,  and  the  third  a 
compound  of  iron  with  less  carbon  than  that  needed  to  form 
cast  iron.  The  modes  of  manufacture  of  these  three  kinds 
of  iron  are  essentially  different,  and  will  be  best  understood 
when  the  properties  of  the  metal  have  been  described. 

Pure  iron  in  the  form  of  powder  may  be  obtained  by  the 
reduction  of  the  oxide  at  a  moderate  heat  in  a  current  of 
hydrogen  :  it  must,  however,  be  retained  in  an  atmosphere  of 
hydrogen,  as  finely-divided  iron  takes  fire  and  bums  to  oxide 
when  exposed  to  the  air.  A  button  of  pure  iron  maybe  pre- 
pared by  exposing  fine  iron  wire  mixed  with  some  oxide  of 
iron  to  a  very  high  temperature  in  a  covered  crucible,  the 
oxide  retaining  the  traces  of  impurity  which  the  wire  con- 
tained. Iron  has  a  bright  white  colour,  and,  though  soft,  is 
remarkably  tough,  an  iron  wire  two  mm.  in  thickness  not 
breaking  until  weighted  with  250  kilos.  The  pure  metal 
crystallizes  in  cubes :  iron  which  has  been  uniformly 
hanunered  exhibits,  when  broken,  a  granular  and  crystalline 
structure  :  this  structure,  however,  becomes  fibrous  when  the 
iron  is  rolled  into  bars,  and  the  more  or  less  perfect  form  of 
the  fibre  determines  to  a  great  extent  the  value  of  the  metal. 
This  fibrous  texture  of  hammered  bar  iron  undergoes  a  change 
when  exposed  to  long-continued  vibration,  the  iron  returning 
to  its  original  crystalline  condition  ;  and  many  accidents  have 
occurred  in  the  sudden  snapping  of  railw^ty  axles,  owing  to 
this  change  from  the  fibrous  to  the  granular  texture.  Wrought 
iron  melts  at  a  very  high  temperature  :  but  as  it  becomes  soft 
at  a  much  lower  point,  it  can  be  easily  worked,  especially  as, 
when  hot,  it  possesses  the  peculiar  property  of  "  welding  "  ; 
that  is,  the  power  of  uniting  firmly  when  two  clean  surfaces 
of  hot  metal  are  hammered  together. 

Iron  and  certain  of  its  compounds  are  strongly  magnetic, 
but  the  metal  loses  this  power  when  red-hot,  regaining  it 
upon  cooling.  Contact  with  a  magnet  induces  temporary 
magnetism  in  a  bar  of  pure  iron,  but  a  bar  of  steel  becomes 
permanently  magnetic  under  the  same  circumstances,  and  its 
magnetism  may  be  strengthened  by  rubbing  it  with  a  stronger 
magnet.     A  solid  mass  of  iron  does  not  oxidize  or  tarnish  in 
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dry  air,  at  the  ordinary  temperature,  although  iron  powder 
takes  fire  spontaneously;  but  if  heated  it  oxidizes,  with 
the  production  of  black  scales  of  oxide,  and  when  more 
strongly  heated  in  the  air,  or  plunged  into  oxygen  gas,  it 
bums,  with  the  formation  of  the  same  black  oxide.  In  pure 
water  iron  does  not  lose  its  brilliancy ;  but  if  a  trace  of  car- 
bonic acid  is  present,  and  access  of  air  is  permitted,  the  iron 
begins  at  once  to  oxidize  at  the  surface,  or  to  rust,  forming  a 
hydrated  sesquioxide.  Iron  decomposes  steam  at  a  red-heat, 
liberating  hydrogen  (see  p.  19),  and  forming  the  black  oxide 
produced  by  the  combustion  of  iron  in  oxygen. 

Iron  forms  two  basic  oxides,  both  of  which  give  rise  to  well- 
marked  series  of  compounds  :  (i)  Ferrous  oxide ^  FeO,  giving 
rise  to  the  Ferrous  salts  ;  (2)  Ferric  oxide^  or  sesquioxide^ 
Y^jd^y  from  which  the  Ferric  salts  are  derived.  The  first 
series  of  determinations  of  the  vapour  density  of  Ferrous  and 
Ferric  chlorides  pointed  to  the  formulae  Fe2Cl4,  and  FejCl^, 
and  it  was  supposed  that  in  each  of  them  iron  was  tetra- 
valent,  as  shown  in  the  following  formulae  : 

Ferrous  Chloride.  Ferric  Chloride. 

Fe=:CL  FeECU 

II  I 

FezzCI,  FeEClj. 

Later  and  more  extended  researches  on  the  vapour  density 
of  these  salts  have,  however,  shown  that  no  constant  value  is 
obtained  until  a  very  high  temperature  is  reached,  and  that 
the  values  then  obtained  agree  approximately  with  the  for- 
mulae FeCl2,  and  FeClg.  Iron  is  therefore  a  dycuLxn  the  ferrous 
salts,  and  a  tricul  in  the  ferric  salts. 


Ferrous  Compounds, 

Ferrous  Oxide,  FeO. — This  substance  has  not  been  pre- 
pared in  the  pure  state,  owing  to  the  great  readiness  with 
which  it  absorbs  oxygen,  passing  into  the  higher  oxides. 
Ferrous  hydroxide y  Fe  (0H)2,  is  thrown  down  as  a  white 
precipitate,  when  potash  or  soda  is  added  to  a  soluble  ferrous 
salt :  this  white  precipitate  can  only  be  obtained  in  complete 
absence  of  oxygen,  as  it  at  once  absorbs  this  gas,  yielding  a 
greenish-brown  precipitate  of  a  higher  oxide.      This  oxide 
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colours  glass  green  (see  p.  232),  and  g^ves  the  peculiar  tint  to 
common  bottle-glass.  The  most  impor^t  of  the  ferrous 
salts  are  : 

Ferrous  Sulphate  (Protosulphate  ofIron\  FeSO^  +  7H2O. 
This  soluble  salt,  sometimes  called  green  vitriol^  is  obtained 
by  dissolving  (i)  metallic  iron,  or  (2)  ferrous  sulphide,  in 
sulphuric  acid ;  and  is  also  prepared  by  the  slow  oxidation 
of  iron-pyrites,  FeS2 : 

(1)  Fe     +  H,S04  =  FeSO^  +  H, ; 

(2)  FeS  +  H,S04  =  FeSO*  +  H,S. 

The  solution  thus  obtained  yields  on  evaporation  laige 
gfreen  crystals  of  the  salt.  It  is  largely  used  in  the  manu- 
facture of  several  black  dyes,  and  is  one  of  the  con- 
stituents of  writing-ink.  Like  all  the  ferrous  compounds, 
this  salt  easily  takes  up  oxygen,  producing  a  new  salt  Called 
ferric  Sulphate. 

Ferrous  chloride^  FeCl2. — When  dry  hydrochloric  acid 
gas  is  passed  over  hot  metallic  iron,  ferrous  chloride  and 
hydrogen  are  formed :  the  hydrated  chloride  is  also  pro- 
duced when  iron  is  dissolved  in  aqueous  hydrochloric  acid, 
green  crystals  being  deposited,  having  the  composition 
FeClg  +  4  H2O. 

Ferrous  Carbonate^  FeCOg. — This  is  an  insoluble  com- 
pound, and  occurs  largely  as  a  mineral  called  spathose  iron 
ore,  which  is  isomorphous  with  calc-spar ;  it  also  occurs  in  a 
less  pure  form,  constituting  the  clay-ironstone^  the  ore  from 
which  a  large  proportion  of  our  iron  is  prepared. 

Ferrous  sulphide,  FeS,  an  invaluable  compound  formed 
by  fusing  equivalent  quantities  of  sulphur  and  iron  together, 
is  employed  in  the  laboratory  for  the  generation  of  sulphur- 
etted hydrogen  (see  p.  131).  A  disulphide,  FeS2,  called  iron 
pyrites,  is  found  in  large  quantities  in  nature,  and  is  much 
used  in  the  production  of  sulphuric  acid  (see  p.  124). 

Ferric  Compounds. 

Ferric  Oxide,  or  Iron  Sesquioxide,  FcgOa.— This  oxide 
occurs  native  as  the  minerals  red  haematite  and  specular 
iron  ore,  whilst,  combined  with  water,  it  forms  brown  haema- 
tite.    It  may  be  readily  prepared  artificially    by  heating 


XXIV  LOADSTONE  241 

ferrous  sulphate  to  redness  ;  or  by  adding  a  solution  of  am- 
monia or  caustic  potash  to  a  solution  of  a  ferric  salt,  when 
the  hydroxide^  Fe(0H)3,  falls  down  as  a  bulky  brownish 
red  powder,  which  dissolves  in  acids,  forming  the  ferric 
salts ;  when  thus  acted  upon  by  sulphuric  acid,  ferric  sul- 
phate^ Fe2(S04)3,  is  produced ;  and  by  hydrochloric  acid, 
ferric  chloride^  FeClg.  Of  the  ferric  salts,  the  chloride  is 
the  most  important :  the  anhydrous  salt  forms  in  brilliant 
black  crystals  when  chlorine  gas  is  passed  over  heated  metallic 
iron.  Solutions  of  the  ferric  salts  can  be  reduced  by  various 
deoxidizing  agents  to  the  corresponding  ferrous  salts,  whilst 
the  latter,  in  contact  with  an  oxidizing  agent,  pass  into  the 
ferric  salts.  If  for  instance,  sulphuretted  hydrogen  gas  be 
led  through  a  solution  of  ferric  chloride,  the  liquor  becomes 
colourless,  ferrous  chloride  is  formed,  and  a  white  precipitate 
of  sulphur  is  thrown  down,  thus  : 

2FeCl8  +  HaS  =  2FeCl2  +  2HCI  +  S. 

The  ferrous-  or  proto-salts  are  distinguished  by  their  light 
green  colour,  and  by  their  solutions  giving  (i)  a  white  pre- 
cipitate with  caustic  alkalis  ;  (2)  a  light  blue  precipitate 
with  potassium  ferrocyanide,  which  rapidly  becomes  dark  : 
whilst  the  ferric-  or  per-salts  are  yellow-coloured,  and  their 
solutions  yield  (i)  a  deep-reddish-brown  precipitate  with  the 
caustic  alkalis ;  and  (2)  a  deep  blue  precipitate,  with  potas- 
sium ferrocyanide.  Ferrous  oxide  and  the  ferrous  salts  are 
magnetic,  whilst  the  ferric  oxide  and  salts  are  not  magnetic. 

The  Magnetic,  or  Black  Oxide,  Fe304,  occurs  native, 
crystallized  in  octahedra  ;  and,  as  the  mineral  loadstone.  It 
constitutes  one  of  the  most  valued  ores  of  iron,  and  is  the 
oxide  formed  when  iron  is  oxidized  at  a  high  temperature  in 
the  air,  in  oxygen,  or  in  aqueous  vapour.  The  corresponding 
sulphide,  Fe3S4  is  also  magnetic. 

Ferric  Acid, — The  potassium  salt  of  this  acid  is  prepared 
by  fusing  ferric  oxide  and  nitre  together :  the  mass  yields, 
with  water,  a  purple-coloured  solution,  and  contains  potas- 
sium ferrate,  K2Fe04.  It  is  an  exceedingly  unstable  sub- 
stance. Neither  the  acid  H2Fe04  nor  the  oxide  FeOg  have 
been  prepared. 
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Manufacture  of  Iran. 

The  oldest  method  of  manufacturing  wrought-iron  was  to 
reduce  it  directly  from  the  ore  by  heating  in  a  wind-furnace 
with  charcoal  or  coal,  and  to  hammer  out  the  spongy  mass 
of  iron  thus  obtained.     This  plan  can  only  be  economically 
employed  on  a  small  scale  and  with  the  purest  forms  of  iron 
ore,  and  has  been  superseded  by  a  more  complicated  method, 
applicable,  however,  to  all  kinds  of  iron  ore.    This  consists 
in  the  formation  of  cast-iron  as  the  first  product,  and  the 
subsequent  separation  of  the  carbon  and  silicon  which  the 
cast-iron  contains.     Cast-iron  is  manufactured  in  England 
chiefly  from  clay  ironstone,  which  generally  occurs  in  masses, 
situated  in  the  immediate  neighbourhood  of  a  coal  seam. 
The  clay  ironstone  (ferrous  carbonate,  with  clay)    is   first 
roasted,  in  which  operation  the  carbonic  acid  is  driven  off, 
and  ferric  oxide  formed,  the  ore  afterwards  being  thrown 
together  with  coal  and  limestone,  into  a  blast  furnace,  the 
best  construction  of  which  is  seen  in  Fig.  67.     It  has  the 
shape  of  a  double  cone  (a  b.  Fig.  67),  built  of  strong  firebrick 
and  masonr}',  and  is  about  fifty  feet  in  height,  and  fifteen  to 
eighteen  feet  in  width  at  the  broadest  part     The  furnace  is 
closed  at  the  bottom,  the  air  necessary  for  the  maintenance 
of   the    combustion  being  supplied  by  a  powerful  blast, 
blown  through  pipes  called  tuyeres  (c)  ;  the  mixture  of  fuel 
and  ore  is  continually  cast  in  at  the  top  of  the  furnace  (d), 
as  the  burning  material  sinks  down,  and  the  molten  mass 
is  drawn  off  at  the  bottom,  so  that  one  furnace  often  does 
not  stop  working  for  several  years.      At  the  lowest  part 
of  the  structure  is  the  hearth  (h),  where  the  melted  metal 
and  fused  slag  collect ;  the  former  is  occasionally  tapped 
from  the  bottom  of  the  hearth,  and  cast  into  pigs  in  moulds 
made  in  the  sand,  whilst  the  lighter  slag,  which  swims  on 
the  surface  of  the  metal,  runs  continually  out  from  an  opening 
at  the  upper  part  of  the  hearth. 

The  first  chemical  change  which  the  roasted  iron  ore,  or 
impure  ferric  oxide,  undergoes  in  its  passage  from  the  top  to 
the  bottom  of  the  furnace,  is  its  reduction  to  a  porous  mass  of 
metallic  iron,  by  the  carbonic  oxide  gas  proceeding  from  the 
lower  layers  of  burning  coal.     The  temperature  of  this  por- 
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tion  of  ihe  furnace  is,  however,  much  too  low  [o  melt  the 
iron  [  and  it  therefore  sinks  down  unchanged,  together  with 
the  clay  and  limestone,  until  it  reaches  a.  point  at  which  the 
heat  is  greater.  Here  the  second  change  occurs  ;  vii.,  the 
clay,  sand,  and  other  impurities  of  the  ore  unite  with  the 
limestone  to  form  a  fusible  silicate  of  lime  called  slag,  whilst 
the  heated  metal,  coming  in  contact  with  carbon,  unites  at 
once  with  it  to  form  a  fusible  compound,  which  runs  down 
to  the  bottom  of  the  furnace.  This  in  passing  through  lh« 
hottest  portion  of  the  furnace,  reduces  the  silica,  with  which 
it  meets,  to  silicon,  and,  combined  with  this  and  with  the 
carbon,  it  forms  cast-ii 


The  properties  and  appearance  of  cast-irons  vary  much  with 
the  quantity  of  carbon  and  silicon  which  they  contain  ;  for 
cast-iron  is  not  a  definite  chemical  compound  of  these  elements 
with  iron.  The  carbon  is  found  in  cast-iron,  (l)  as  scales  of 
graphite,  giving  rise  to  grey  and  mottled  cast-iron  j  and  (2) 
in  combination,  forming  white  cast-iron.  Sometimes  sulphur  . 
and  phosphorus  are  also  found  in  cast-iron  ;  but  these  n 
be  considered  as  impurities.  A  great  saving  of  fuel  in  the 
working  of  blast  furnaces  has  lately  been  effected  by  employ- 
ing the  heat  of  combustion  of  the  waste  gases^  which  formerly 
were  allowed  to  escape  and  bum  at  the  top  of  the  furnace — 
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to  raise  the  temperature  of  the  blast  of  air  supplying  the 
furnace.  The  gases  are  collected  at  the  top  of  the  furnace 
by  a  hood  (e),  and  pass  down  an  iron  pipe  (g,  Fig.  67),  which 
is  carried  down  to  the  furnaces  where  the  gases  are  burnt 

Wrought- Iron. — In  order  to  obtain  wrought-  from  cast- 
iron,  the  latter  must  undergo  the  processes  of  "  refining  "  and 
"  puddling. **  These  consist  essentially  in  burning  out  the 
carbon,  silicon,  sulphur,  and  phosphorus,  by  exposing  the 
heated  metal  to  a  current  of  air  in  a  reverberatory  furnace  : 
the  melted  cast-iron  becomes  first  covered  with  a  coat  of 
oxide,  and  gradually  thickens  so  much  as  to  allow  of  its  being 
rolled  into  large  lumps  or  balls.  During  this  process  almost 
the  whole  of  the  carbon  escapes  as  carbonic  oxide,  and  the 
silicon  becomes  oxidized  to  silica,  which  unites  with  the  oxide 
of  iron  and  forms  a  fusible  slag  ;  any  phosphorus  or  sulphur 
contained  in  the  pig-iron  is  also  oxidized  in  this  process. 
The  ball  is  then  hammered  to  give  the  metal  coherence,  and 
to  squeeze  out  the  liquid  slag,  and  the  mass  afterwards  rolled 
into  bars  or  plates. 

Steel, — Another  interesting  branch  of  the  iron  trade  is  the 
manufacture  of  steel.  This  useful  substance  is  formed  when 
bars  of  wrought-iron  are  heated  to  redness  for  some  time  in 
contact  with  charcoal  :  the  bar  is  then  found  to  have  become 
fine-grained  instead  of  fibrous,  the  substance  is  more 
malleable  and  more  easily  fusible  than  the  original  bar-iron, 
and  is  found  to  contain  carbon  varying  in  amount  from  one  to 
two  per  cent.  Steel  possesses  several  important  properties, 
especially  the  power  of  becoming  very  hard  and  brittle 
when  quickly  cooled,  which  fits  it  for  the  preparation  of 
cutting-tools,  &c.  :  these  are,  however,  generally  made  of 
bar-steel  which  has  been  previously  fused  and  cast  into 
ingots. 

Bessemer  Steel. — A  most  important  and  very  rapid  mode 
of  preparing  cast-steel,  which  is  both  of  high  scientific 
interest  and  industrial  value,  is  that  known  as  the  Bessemer 
process.  This  process  consists  in  burning  out  all  the  carbon 
and  silicon  in  cast-iron  by  passing  a  blast  of  atmospheric 
air  through  the  molten  metal,  and  then  adding  such  a 
quantity  of  a  pure  cast-iron  to  the  wrought-iron  thus  pre- 
pared as  is  necessary  to  give  carbon  enough  to  convert  the 
whole  mass  into  steel :   the  melted  steel  is  then  at  once 
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cast  into  ingots.  In  this  way  twenty  tons  of  cast-iron  can  at 
one  operation  be  converted  into  steel  in  twenty  minutes. 
Bessemer  steel  is  now  largely  manufactured  for  railway  axles 
and  rails,  for  boiler-plates,  ships,  and  other  purposes,  for 
which  it  is  much  more  fitted  than  wrought-iron  ;  so  that  this 
process  has  revolutionised  the  old  wrought-iron  industry. 

Ordinary  cast  iron  contains  phosphorus,  and  when  this  is 
present  in  any  quantity,  it  cannot  be  used  for  steel  making  in 
the  ordinary  Bessemer  converter  lined  with  silica  brick,  as 
the  phosphorus  is  not  eliminated,  and  greatly  deteriorates 
the  steel.  If,  however,  a  so-called  basic  lining,  consisting 
of  lime,  be  employed  in  the  converter,  the  whole  of  the 
phosphorus  finds  its  way  into  the  slag,  and  thus  a  pure 
steel  is  obtained. 

COBALT. 

Syndfol  Co,  Atomic  Weight  58*6,  Specific  Gravity  8*5. 

Cobalt  is  a  reddish-white,  very  tenacious  metal,  which  is 
as  infusible  as  iron,  and,  like  the  latter  metal,  is  strongly 
magnetic.  It  is  not  found  native,  but  occurs  in  combination 
with  arsenic  and  sulphur,  as  two  distinct  minerals,  tin 
white  cobalty  C0AS2,  and  cobalt  glance^  CoAsS.  The  metal 
dissolves  slowly  in  sulphuric  and  hydrochloric  acids  with 
evolution  of  hydrogen.  The  cobalt  compounds  are  distin- 
guished for  the  brilliancy  of  their  colour  ;  they  are  employed 
as  pigments,  and  they  impart  a  magnificent  blue  tint  to  glass. 
There  are  three  oxides  of  cobalt — the  monoxide,  CoO,  the 
sesquioxide,  CogOg,  and  an  oxide,  C03O4.  The  monoxide,  on 
solution  in  acids,  forms  the  series  of  well-known  and  stable 
cobaltous  salts,  which  are  pink  when  hydrated,  and  blue 
when  anhydrous  ;  whilst  the  sesquioxide  forms  the  unstable 
and  little  known  cobaltic  compounds.  Cobalt  Monoxide^  CoO, 
is  obtained  as  a  brown  powder  by  carefully  heating  the  rose- 
coloured  hydroxide,  Co(OH)2,  precipitated  by  potash  in  solu- 
tions of  cobalt :  and  Cobalt  Sesquioxide^  C02O3,  is  prepared 
by  adding  a  solution  of  bleaching-powder  to  a  soluble  proto- 
salt :  the  oxide  CojOi  is  obtained  by  igniting  the  monoxide 
in  the  air. 

Cobalt  Chloride^  C0CI2,  is  a  soluble  salt  obtained  by  acting 
on  the  oxide  or  on  the  metallic  ore  with  hydrochloric  acid  ; 
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the  solution  yields  on  evaporation  pink  crystals  of  the  hy- 
drated  chloride,  or  if  further  heated  blue  crystals  of  the 
anhydfous  salt. 

The  Nitrate^  Co  (N  0^)2,  and  Sulphate^  C0SO4,  are  also 
soluble  salts  ;  the  latter  is  isomorphous  with  magnesium 
sulphate.  Cobalt  Sulphide^  CoS,  is  a  black  powder,  insoluble 
in  dilute  acids. 

Cobalt  compounds  can  be  easily  recognised  by  the  deep 
blue  tint  which  very  minute  traces  impart  to  glass,  or  to  a 
borax  bead,  made  by  fusing  borax  into  a  colourless  mass  on 
the  loop  of  a  platinum  wire. 


NICKEL. 

Symbol  Ni,  Atomic  Weight  58*6,  Specific  Grofvity  8*8. 

Nickel  occurs  in  large  quantities,  combined  with  arsenic, 
as  kupfernickely  NiAs ;  also  together  with  cobalt  in  speiss; 
and  it  is  now  prepared  in  considerable  quantities  for  the 
manufacture  of  German  silver,  (an  alloy  of  nickel,  zinc,  and 
copper,)  and  is  also  largely  employed  for  plating  articles  of 
brass  and  sleel.  Nickel  is  a  white,  malleable,  and  tenacious 
metal ;  it  melts  at  a  somewhat  lower  temperature  than  iron, 
and  is  strongly  magnetic,  but  loses  this  property  when  heated 
to  350°.  There  are  two  oxides  of  nickel,  the  monoxide,  NiO, 
and  the  sesquioxide,  Ni203  :  the  former  of  these  gives  rise  to 
the  nickel  salts,  which  possess  a  peculiar  apple-green  colour. 
The  monoxide  is  obtained  by  heating  the  nitrate  or  carbonate, 
or  by  precipitating  a  soluble  nickel  salt  with  caustic  potash, 
and  heating  the  apple-green  hydroxide,  Ni(0H)2,  which  is 
thrown  down.  The  sesquioxide  is  a  black-powder,  prepared 
by  adding  a  solution  of  bleaching-powder  to  a  soluble  nickel 
salt. 

The  important  soluble  nickel  salts  are  the  sulphate,  NiS04 
+  7  H2O,  crystallizing  in  green  prisms ;  the  nitrate,  Ni(N03)2 ; 
and  the  chloride,  NiCl2.  Like  cobalt,  nickel  forms  a  black 
sulphide,  NiS,  insoluble  in  dilute  acids.  The  nickel  salts 
may  be  distinguished  from  those  of  the  former  metal  by  im- 
parting a  reddish-yellow  colour  to  the  borax  bead,  as  well  as 
by  their  green  colour. 

When  pure  dry  carbon  monoxide  is  passed  over  finely 
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divided  nickel  at  30°,  a  peculiar  volatile  liquid  having  the 
composition  Ni(C0)4  and  ^^^^^^^^  nickel  carbon  monoxide  is 
obtained.  It  solidifies  at  -  25°,  boils  at  43°,  and  has  a 
sp.  gr.  of  1*3185  at  17°  ;  its  vapour  on  heating  at  60°  explodes 
violently,  and  if  passed  through  a  heated  tube  mixed  with 
other  gases  deposits  a  mirror  of  pure  nickel.  This  remark- 
able compound  is  the  only  one  of  the  kind  yet  isolated,  but 
it  appears  that  iron  does  form  a  similar  compound,  which 
has  however  not  yet  been  prepared  in  a  pure  condition.  It 
is  proposed  to  employ  the  above  reaction  for  preparing  pure 
metallic  nickel. 


LESSON  XXV 

Class  IX. — The  Chromium  Group 

Chromium,  Molybdenum,  Uranium,  Tungsten, 

chromium 

Symbol  Cr,  Atomic  Weight  52*1,  Specific  Gravity  7*3 

Chromium  is  a  substance  whose  compounds  do  not  occur 
very  widely  distributed,  or  in  large  quantities  ;  but  they  are 
nevertheless,  much  employed  in  the  arts  as  pigments,  many 
of  them  possessing  a  fine  bright  colour  (whence  its  name 
XP^fJ^  colour).  The  chief  ore  of  this  metal  is  chrome  iron- 
stone, FeOCrgOs,  a  compound  isomorphous  with  magnetic 
oxide  of  iron,  found  in  America,  Sweden,  and  the  Shetlands  ; 
a  crystalline  lead  chromate,  PbCr04,  also  occurs  in  some 
quantity.  Pure  chromium  appears  to  be  the  most  infusible 
of  all  the  metals,  as  it  cannot  be  melted  at  a  temperature 
sufficient  to  fuse  and  volatilize  platinum  :  it  has,  however, 
been  obtained  by  another  process,  in  the  form  of  bright 
crystals  belonging  to  the  cubic  s  m.  Chromium  unites 
with  oxygen  in  four  different  propc     ons  to  form  : 


U 


Chromium  Monoxide,  CrO.  (3)  Chromo-Chromic  Oxide,  CrO-CrgOs. 

Chromium  Sesquioxide,  Cr208.  (4)  Chromium  Trioxide,  CrOs. 

The  first  two  of  these  oxides  are  basic  and  yield  cor- 
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responding  chlorides  and  salts  termed  respectively  the 
chromous  and  the  chromic  salts,  thus  CrO,  CrCl, ;  CrjOg, 
CrClj  :  the  third  oxide  is  a  neutral  body,  corresponding  to 
the  magnetic  oxide  of  iron  :  and  the  fourth  oxide  forms  an 
acid  with  water. 


Chromous  Compounds. 

Chromium  Monoxide^  CrO,  is  only  known  in  the  hydrated 
state,  as  both  it  and  its  compounds  absorb  oxygen  with  great 
avidity.  The  hydroxide,  Cr(0H)2,  is  prepared  as  a  brown 
precipitate  by  adding  potash  to  the  solution  of  chromium 
dichloride. 

Chromium  Dichloride,  CrClg,  is  a  white  crystalline  body, 
which  dissolves  in  water,  forming  a  blue  solution.  It  is 
obtained  by  passing  hydrogen  over  heated  chromic  chloride. 


Chromic  Compounds, 

Chromium  Sesquioxide,  or  Chromic  Oxide,  Crjd^,  is  a  dark 
green,  perfectly  stable  powder,  obtained  by  igniting  the 
hydroxide,  Cr(0H)3,  formed  by  precipitating  any  soluble 
chromic  salt  with  ammonia.  It  is  employed  as  a  green 
colour  for  painting  on  porcelain,  and  gives  rise  to  the  green 
of  the  emerald.  A  splendid  green  colour  is  also  obtained  by 
heating  potassium  bichromate  with  boron  trioxide :  on  dis- 
solving in  water,  a  grass-green  hydroxide  remains  behind, 
which  is  termed  Guignet's  green, 

CriHgOg  =  CrjOg  +  2Cr(OH)8. 

Chromic  Chloride,  CrClg. — The  anhydrous  chloride  is  ob- 
tained as  a  sublimate,  in  beautiful  violet  crystals,  by  passing 
a  current  of  chlorine  gas  over  a  red-hot  mixture  of  chromium 
sesquioxide  and  charcoal.  These  crystals  do  not  dissolve 
easily  in  water,  but  are  readily  soluble  if  a  trace  of  chromium 
dichloride  is  present.  The  most  ready  way  of  preparing  a 
solution  of  chromic  chloride  is  to  boil  a  solution  of  chromic 
acid  or  of  a  chromate  with  hydrochloric  acid  and  alcohol,  the 
red  or  yellow  solution  after  a  few  minutes  being  changed  to  a 
deep  greenish-blue  colour.    A  solution  of  chromic  sulphate 
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Cr2(S04)3,  may  be  obtained  in  the  same  way,  by  substituting 
sulphuric  acid  for  hydrochloric  acid.  Chromium  sulphate 
forms  a  series  of  alums  with  potassium  and  ammonium  sul- 
phates, which  have  a  deep  purple  tint,  and  are  isomorphous 
with  common  alum,  Cr2(S04)3  +  K2SO4  +  24  HgO.  The 
chromic  salts  are  green,  but  violet-coloured  modifications 
also  occur. 


Chromic  Add  and  Chromates, 

If  any  chromic  compound  be  fused  with  potassium  car- 
bonate, it  becomes  oxidized,  and  a  soluble  yellow  chromate 
is  formed,  K2Cr04  :  this  is  the  mode  in  which  the  chromium 
compounds  are  prepared  from  chrome-iron  ore.  This  yellow 
chromate  is  isomorphous  with  potassium  sulphate  and  man- 
ganate.  When  sulphuric  acid  is  added  to  a  solution  of  the 
yellow  salt  in  sufficient  quantity  to  combine  with  half  the  base, 
large  red  crystals  of  the  anhydrochromatey  ^^xjdi^  separate 
out.  This  salt  is  commonly  called  bichromate  of  potash,  and 
is  largely  used  for  the  preparation  of  the  chrome  pigments. 
If  to  the  solution  of  the  bichromate  a  solution  of  chromium 
trioxide  be  added,  a  third  salt,  \.txva^^ potassium  trichromate^ 
K2Cr30io,  crystallizes  out.  The  constitution  of  these  three 
salts  may  be  represented  as  follows  : 

.OK 
/OK  Cr02<; 

/OK  CrOo<  >0 

(I)   CrOj/  (2)  "  \0  (3)  CrOj/ 

^OK.  CrOj/ 

^OK. 

If  lead  chromate  is  heated  with  a  solution  of  a  caustic 
alkali  an  orange-red  basic  chromate  is  formed  having  the 

composition  Cr02    {  oPb  C  ^* 

Chromium  trioxide^  CrOs,  is  obtained  in  the  form  of  long 
ruby-red  needle-shaped  crystals  by  adding  an  excess  of  strong 
sulphuric  acid  to  a  concentrated  solution  of  the  bichromate. 
The  crystals  are  very  soluble  in  water,  forming  an  acid  solu- 
tion of  chromic  acid,  H2Cr04.  The  excess  of  sulphuric  acid 
may  be  removed  by  washing  with  concentrated  nitric  acid, 
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and  the  crystals  then  dried  in  a  glass  tube  in  a  current  of  air. 
The  crystals  of  chromium  trioxide  are  very  easily  reduced  to 
sesquioxide  in  presence  of  organic  matter ;  so  energetic  is 
this  evolution  of  oxygen,  that  ignition  occurs  when  alcohol  is 
dropped  on  the  dry  crystals. 

If  a  solution  of  chromium  trioxide  or  of  potassium  bichro- 
mate be  heated  with  hydrochloric  acid,  chromic  chloride  is 
formed  and  chlorine  liberated  ;  whereas,  if  chromium  trioxide 
be  heated  with  sulphuric  acid,  a  chromic  sulphate  is  formed 
and  oxygen  gas  is  given  off. 

(1)  2CrO,  +  12HCI  =  Cr,Cle6H,0  +  sCl^ 

(2)  2CrO,  +  3H,S04  =  Cr,(S04),  +  03  +  3H,0. 

The  chief  of  the  insoluble  chromates  are  lead  chromaie, 
PbCr04,  or  chrome  yellow^  obtained  by  precipitating  potas- 
sium chromate  by  a  soluble  lead  salt,  and  largely  used  as 
a  pigment  and  for  other  purposes  in  the  arts  ;  silver  chrotncUe^ 
Ag2Cr04,  a  characteristic,  deep-red  coloured  precipitate ; 
and  barium  chromate ^  BaCr04,  also  a  yellow  insoluble 
powder. 

Chromium  Oxychloride^  or  Chromyl  Chloride^  OcO^  \  p} 

— A  compound  resembling  sulphuryl  chloride  in  constitution 
is  obtained  by  distilling  potassium  bichromate,  sulphuric 
acid  and  common  salt.  It  is  a  dark  red,  strongly  fuming 
liquid  ;  it  boils  at  181°,  has  a  specific  gravity  of  1*92  ;  and 
the  density  of  its  vapour  is  777  (H  =  I).  If  potassium 
bichromate  be  dissolved  in  warm  hydrochloric  acid,  large 
red  crystals  separate  out  on  cooling  :  these  consist  of  potas- 
sium chloro-chromate,  KClCrOa,  a  substance  intermediate 
between  chromium  oxychloride  and  potassium  chromate. 
We  have  thus : 

Chromium  Potassium  Potassium 

Oxychloride.  Chloro-chromate.  Chromate. 

CrO,{C}  CrO\^  CrO,{gJ[ 

The  presence  of  chromium  and  its  compounds  can  be 
easily  detected  by  the  formation  of  soluble  yellow-coloured 
salts  with  the  alkali-metals,  yielding  insoluble  lead  and 
silver  compounds,  and  capable  of  easy  reduction  to  green 
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solutions  in  presence  of  organic  matter.      Chromium  sesqui- 
oxide  imparts  to  glass  or  borax  a  fine  deep  green  colour. 

It  may  also  be  detected  by  the  splendid,  but  very  fugitive, 
blue  coloration  which  is  produced  when  hydrogen  dioxide 
is  added  to  a  very  dilute  solution  of  chromic  acid  :  this 
blue  colour  is  due  to  the  formation  of  a  still  higher  oxide 
of  chromium,  analogous  to  permanganic  acid,  and  termed 
perchromic  acid,  which,  however,  very  readily  decomposes. 


MOLYBDENUM 

Symbol  Mo,  Atomic  Weight  95*8. 

The  chief  ore  of  this  metal  is  molybdenum  disulphide^ 
M0S2,  a  mineral  in  appearance  resembling  graphite.  The 
metal  possesses  a  silver-white  lustre,  is  brittle  and  melts  at 
an  extremely  high  temperature,  oxidizing  on  heating  in 
the  air  to  molybdenum  trioxide^  M0O3,  a  yellow  powder 
which  acts  as  an  acid,  forming  with  bases  salts  called 
molybdates.  The  compounds  of  molybdenum  do  not  occur 
frequently,  and  are  not  used  in  the  arts.  Molybdic  acid  is, 
however,  used  as  a  reagent  in  the  laboratory  for  detecting 
small  quantities  of  phosphoric  acid  (see  p.  149). 


TUNGSTEN. 

Symbol  W  (Wolfram),  Atomic  Weight  184. 

This  metal  occurs  in  tolerably  large  quantities  combined 
with  ferrous  oxide  in  the  mineral  wolfram,  FeWOi,  and  also 
with  lime  as  scheelite,  CaW04.  The  fused  metal  is  white 
and  brittle,  possessing  a  specific  gravity  of  19*1.  Tungsten 
is  employed  occasionally  in  the  arts  :  the  addition  of  a  small 
quantity  imparts  a  great  degree  of  hardness  and  other  valu- 
able qualities  to  steel.  Three  oxides  of  tungsten  are  known, 
—  Tungsten  dioxide,  WO2 ;  Tungsten  trioxide,  WO3 ;  and 
W2O5  which  may  be  regarded  as  a  compound  of  WO2 
and  WO3.  The  dioxide  is  obtained  as  a  brown  powder 
by  heating  the  trioxide  in  an  atmosphere  of  hydrogen  ;  the 
trioxide,  which  is  sometimes  called  tungstic  acid,  is  obtained 
as  an  insoluble  yellow  powder  by  heating  the  native  calcium 
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tungstate  with  nitric  acid.  Tungsten  trioxide  forms  a  variety 
of  somewhat  complicated  salts.  The  sodium  compound  is 
soluble,  and  has  been  used  to  add  to  the  starch  employed  to 
stiffen  light  fabrics,  the  tungstate  rendering  the  fabric  unin- 
flammable. 


URANIUM. 

Symbol  U,  Atomic  Weight  239,  Specific  Gravity  18*4. 

Uranium  is  a  metal  which  occurs  but  sparingly  in  nature, 
existing  combined  in  two  somewhat  rare  minerals,  pitch- 
blende y  U3O8,  or  UO2  +  2  UO3,  and  uranite.  The  metal  is 
of  a  steel-white  colour  and  does  not  oxidize  in  dry  air  at 
ordinary  temperatures,  but  when  strongly  heated  it  bums 
brilliantly.  There  are  two  oxides  which  form  salts,  viz., 
uranous  oxide ^  UO2,  and  uranic  oxide ^  UO3:  the  uranous 
salts  are  green,  whilst  the  uranic  compounds  are  yellow  ;  and 
these  latter  solutions  give  yellow  precipitates  with  an  alkali, 
in  which  the  uranic  oxide  acts  as  an  acid,  forming  a  uranate 
of  the  base  ;  thus  with  potash  we  obtain  K2U2O7.  The  sul- 
phide is  insoluble  and  of  a  yellowish-brown  colour.  The 
chief  application  of  uranium  compounds  is  for  the  purpose  of 
glass-staining ;  the  uranous  oxide  imparts  a  fine  black,  and 
the  uranic  oxide  a  beautiful  yellow,  to  glass  :  uranium  com- 
pounds are  also  now  used  in  photography. 

Class  X.— The  Tin  Group. 
Tifiy  Titanium^  Zirconium^  Germanium, 

TIN. 

Symbol  Sn  {Stannum),  Atomic  Weight  11 78, 
Specific  Gravity  7*3. 

The  ores  of  tin — although  this  metal  has  been  known 
from  very  early  times — occur  in  but  few  localities,  and 
the  metallic  tin  is  not  found  in  nature.  The  chief  Euro- 
pean sources  of  tin  are  the  Cornish  mines,  where  it  is 
found  as  tin  dioxide  or  tinstone,  Sn02.  It  is  in  all  proba- 
bility from  these  mines  that  the  Phoenicians  and  Romans  ob- 
tained all  the  tin  which  they  employed  in  the  manufacture  of 
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bronze.  Tinstone  is  also  met  with  in  Australia  in  Malacca, 
in  Borneo,  and  Mexico.  In  order  to  prepare  the  metal,  the 
tinstone  is  crushed  and  washed,  to  remove  mechanically  the 
lighter  portions  of  rock  with  which  it  is  mixed,  and  the 
purified  ore  then  placed  in  a  reverberatory  furnace  with 
anthracite  or  charcoal  and  a  small  quantity  of  lime:  the 
oxide  is  thus  reduced,  and  the  liquid  metal,  together  with 
the  slag,  consisting  of  siHcate  of  lime,  falls  to  the  lower  part 
of  the  furnace.  The  blocks  of  tin,  still  impure,  are  then 
refined  by  gradually  melting  out  the  pure  tin,  leaving  an 
impure  alloy  behind.  English  tin  generally  contains  traces 
of  arsenic,  copper,  and  other  metals  ;  that  imported  from 
Banca  is  nearly  chemically  pure. 

Tin  possesses  a  white  colour  resembling  that  of  silver  ;  it 
is  soft,  malleable,  and  ductile,  but  possesses  little  tenacity,  a 
wire  two  mms,  in  diameter  breaking  with  a  weight  of  sixteen 
kilos.  When  bent,  pure  tin  emits  a  peculiar  crackling  sound. 
Tin  melts  at  235°,  and  is  not  sensibly  volatile.  It  does  not 
lose  its  lustre  on  exposure  to  the  air,  whether  dry  or  moist,  at 
the  ordinary  temperature,  but  if  strongly  heated  it  takes  fire, 
forming  a  white  powder  of  stannic  oxide  (sometimes  termed 
putty  powder).  Hydrochloric  acid  dissolves  tin  with  the 
evolution  of  hydrogen  and  the  formation  of  stannous 
chloride :  nitric  acid  also  attacks  the  metal  with  great 
energy,  nitrous  fumes  being  given  off  and  stannic  oxide 
being  left  as  a  white  powder.  There  are  two  well-marked 
oxides  of  tin. 

Tin  Monoxide^  or  Stannous  Oxide,  SnO. — This  is  a  black 
powder  prepared  by  heating  stannous  hydroxide,  Sn20(OH)2, 
in  an  atmosphere  of  carbonic  acid  ;  it  rapidly  absorbs  oxygen 
from  the  air  passing  into  stannic  oxide.  The  hydroxide 
falls  as  a  white  powder  when  a  solution  of  stannous  salt  is 
added  to  an  alkaline  carbonate. 

Tin  Dioxide,  or  Stannic  Oxide,  SnOg,  occurs  native  as 
tinstone  ;  and  it  can  be  prepared  as  a  hydrate  in  two  condi- 
tions, possessing  totally  different  properties.  If  tin  be 
oxidized  by  nitric  acid,  hydrated  stannic  oxide,  HgSnOj,  is 
produced  as  a  white  powder,  insoluble  in  acids ;  if,  on  the 
other  hand,  an  alkali  be  added  to  a  solution  of  stannic 
chloride  a  white  precipitate  of  hydrated  stannic  oxide  is 
formed,  which  is  readily  soluble  in  acids.     Both  of  these 
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varieties  of  hydrated  stannic  oxide  form  salts,  the  insoluble 
compound  having  been  termed  metastannic^  and  the  soluble 
compound  stannic  acid.  Sodium  stannate,  Na,SnOj+4H20, 
formed  by  boiling  stannic  oxide  with  soda,  is  largely  used  in 
calico-printing  as  a  "  mordant,"  and  then  termed  "  tin  pre- 
pared liquor." 

Tin  Bichloride,  or  Stannous  Chloride^  SnClj,  is  obtained 
by  dissolving  tin  in  hydrochloric  acid,  and  separates  out  in 
needle  shaped  crystals,  SnCl2  +  2  HgO,  when  the  solution 
is  concentrated.  Stannous  chloride  is  termed  "  tin  salts,"  in 
commerce ;  it  is  largely  manufactured  for  the  calico-printer 
and  dyer,  who  use  it  as  a  mordant. 

Tin  Tetrachloride y  or  Stannic  Chloride,  SnCl4.  is  obtained 
by  passing  chlorine  gas  over  metallic  tin  ;  it  is  a  colourless 
liquid,  boiling  at  120°  C.  and  having  a  vapour  density  of  9*2. 
It  fumes  strongly  in  the  air,  and  forms  a  crystalline  hydrate 
when  a  small  quantity  of  water  is  added,  which  easily  dissolves 
in  an  excess.  Stannic  chloride  is  also  used  by  dyers,  and  is 
prepared  for  this  purpose  by  dissolving  tin  in  cold  nitro- 
hydrochloric  acid. 

Of  the  sulphides  of  tin,  Stannous  Sulphide,  SnS,  and 
Stannic  Sulphide,  SnS2,  are  the  most  important :  the  former 
is  blackish-grey,  and  the  latter  a  bright  yellow  crystalline 
powder,  known  as  mosaic  gold,  soluble  in  alkaline  sulphides. 

Tin  can  easily  be  distinguished  in  solution  by  the  forma- 
tion of  a  splendid  purple  colour  called  purple  of  Cassius, 
obtained  when  gold  chloride,  AuClg,  is  added  to  a  dilute  solu- 
tion of  stannous  chloride.  Tin  is  also  easily  reduced  before 
the  blowpipe  in  the  form  of  white  malleable  beads,  which  are 
soluble  in  hydrochloric  acid.  The  solution  thus  obtained 
produces  with  a  solution  of  mercuric  chloride  a  white  preci- 
pitate of  calomel,  which  on  heating  becomes  black  owing  to 
formation  of  metallic  mercury. 

2HgCla  +  SnCla  =  2HgCl  +  SnCl4. 
2HgCl  +  SnCU  =  Hgj  +  SnCU. 

Tin  withstands  the  oxidizing  action  of  the  air,  and  is  there- 
fore largely  used  in  the  arts  for  covering  and  thus  protecting 
iron  plates,  or  for  "  tin-plating,"  and  also  for  preparing  several 
valuable  alloys,  as  pewter,  Britannia  metal,  plumbers'  solder, 
bronze,  bell-metal,  &c. 
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TITANIUM. 

Symbol  Ti,  Atomic  Weight  48. 

Titanium  is  a  rare  metal,  only  known  in  the  form  of  a  grey 
powder,  and  resembling  tin  in  its  chemical  properties.  It  is 
found  in  combination  with  oxygen  in  the  mineral  rutile,  T\0^ 
The  oxides  of  titanium  correspond  to  those  of  tin  ;  viz. 
titanous  and  titanic  oxides,  TiO  and  Ti02.  Titanium  and 
its  compounds  are  not  used  in  the  arts,  but  a  compound  of 
this  metal  is  met  with  in  blast  furnaces,  crystallizing  in  red 
cubes,  which  for  some  time  was  supposed  to  be  metallic 
titanium,  but  since  has  been  shown  to  possess  the  formula 
Ti(CN)2  +  sTijNj,  Titanium  is  distinguished  by  its  power 
of  uniting  directly  with  nitrogen  at  high  temperatures. 

Tin  and  Titanium  are  tetravalent  elements,  and  form  with 
Silicon  a  natural  group,  to  which  the  rare  metals  Zirconium 
(Zr=9o)  and  Thorium  (Th  =  231*5)  are  added.  The  first 
of  these  occurs  in  the  mineral  zircon,  SiOgZrOg,  and,  like 
silicon,  has  been  obtained  in  several  allotropic  modifications  ; 
whilst  the  latter  is  found  in  thorite,  a  very  rare  mineral. 

Germanium  (Ge=7275)  the  most  recently  discovered 
metal  of  this  group,  is  contained  in  certain  specimens  of 
a  silver  ore  known  as  Argyrodite.  Its  most  characteristic 
compound  is  the  sulphide  GeSg,  which  is  a  white  substance 
insoluble  in  water.  Germanium  is  identical  with  Mendele- 
jeft's  Ekasilicon  (see  p.  266). 
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LESSON  XXVI 
Class  XL— -The  Antimony  Group 

Antimony^  Bismuth^  Vanadium 

ANTIMONY 

Symbol  Sb  {Stibium),  Atomic  Weight  120,  Specific 

Gravity  67 1 

Metallic  antimony  occurs  native,  but  its  chief  ore  is  the 
trisulphide,  SbgS,.  The  metal  is  easily  reduced  by  heating 
the  sulphide  with  about  half  its  weight  of  metallic  iron,  when 
ferrous  sulphide  and  metallic  antimony  are  formed : 

Sh^Sa  +  3Fe  =  Sbj  +  sFeS. 

Antimony  may  also  be  reduced  by  mixing  the  ore  with 
coal  and  heating  in  a  reverberatory  furnace.  Antimony  is 
a  bright  bluish-white  coloured  metal  crystallizing  in  rhom- 
bohedra,  isomorphous  with  arsenic.  It  is  very  brittle, 
and  can  be  powdered  in  a  mortar ;  it  melts  at  450°,  and 
may  be  distilled  at  a  white  heat  in  an  atmosphere  of  hydro- 
gen. Antimony  undergoes  no  alteration  in  the  air  at 
ordinary  temperatures,  but  rapidly  oxidizes  if  exposed  to 
air  when  melted,  and,  if  heated  more  strongly,  takes  fire 
and  burns  with  a  white  flame,  giving  off  dense  white  fumes 
of  antimony  trioxide.  Antimony  is  not  affected  either  by 
dilute  hydrochloric  or  sulphuric  acids :  nitric  acid  attacks  the 
metal,  converting  it  into  white  insoluble  antimony  pentoxide. 
Nitro-hydrochloric  acid  dissolves  antimony  easily.  The 
alloys  of  antimony  are  largely  used  in  the  arts.  Of  these 
type-metal  (an  alloy  of  lead  and  antimony)  is  the  most  im- 
portant :  it  contairvs  17  to  20  per  cent,  of  the  latter  metal. 

The  two  important  oxides  of  antimony,  (i)  antimony  tri- 
oxide, SbgOg,  (2)  antimony  pentoxide,  SbgOg  (sometimes 
called  antimonic  acid),  correspond  to  those  of  arsenic  (see 
p.  154).  A  thifd  oxide  exists  unknown  in  the  arsenic  series  ; 
this  is  an  intermediate  tetroxide  having  the  composition 
Sb204. 
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antimony  u 
in  crystalline  needles,  which  are  isomarphous  with 
the  rare  form  of  arsenic  Irioxide  (see  p.  154).  Antimony 
trioxide  has  also  been  observed  to  crystalline  in  oclahedra : 
hence  these  two  oxides  are  said  to  be  iso-dimorpkous.  The 
best  mode  of  preparing  the  pure  oxide  is  by  decomposing 
antimony  trichloride  with  an  alkaline  carbonate,  when  the 
oxide  is  precipitated  as  a  white  powder : 

aSbClj  +  jNajCOj  =  SbjO,  +  6NaCl  +  3CO,. 
Antimony  trioxide  dissolves,  when  bailed  with  a  solution 
of  cream  of  tartar  (hydrogen  potassium  tartrate),  and  o 
centration  the  solution   deposits   crystals   of  tartar   t 

also  "Tartaric  Acid"):   antimony  trioxide  also  dis- 
lives  in  hydrochloric  acid,  yielding  a  solution  of  the  I 
loride,  which  is  rendered  turbid  by  the  addition  of  water 
ping  to  the  formation  of  an  insoluble  antimony  oxychloride 
lOQ: 

SbCl,  +  H,0  =  SbOCl  +  2HCI. 

AnHmony  Penioxide,  Sb^Oj,  is  obtained  by  acting  on  anti- 
mony with  strong  nitric  acid,  or  by  decomposing  the  penta- 
chloride  of  antimony  with  water,  and  gently  heating  the 
precipitated  hydrate.  It  is  a  light  straw-coloured  powder, 
which  loses  oxygen  at  a  red  heat,  and  is  converted  into  the 
intermediate  oxide  SbjOjShjOj.  Antimony  pentoxide  forms 
salts  with  the  alkalis  called  antimoniales,  corresponding  to 
;,  from  which  antimonic  acid,  HSbO^,  can  be 
separated  as  a  white  powder.  The  hydrate  obtained  by  acting 
ith  water  on  the  pentachloride  is  termed  metantimonic  acid, 
IjSbjOi.  The  acid  metantimoniates  easily  decompiose  into 
le ordinary  antimoniates.  The  acid  sodium  metantimoniate, 
NaiHjSbjOT  -f-  6  H,0,  is  distinguished  as  being  the  only 
insoluble  sodium  salt  known.  It  is  precipitated  by  adding  a 
solution  of  potassium  metantimoniate  to  a  sodium  salt. 

The  intermediate  telroxide,  SbjO,,  is  obtained  by  heating 
the  metal  or  the  pentoxide  in  the  air  until  no  further  change 

Finely- powdered  metallic   antimony  takes  fire   spontane- 
ously  when   thrown   into   chlorine   gas,  with   formation   of 
chlorides  of  antimony. 
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Antimony  Trichloride^  SbClg,  is  obtained  as  a  buttery 
mass  by  passing  chlorine  gas  over  an  excess  of  metallic 
antimony,  or  by  dissolving  the  metal  or  sulphide  in  hydro- 
chloric acid  to  which  a  little  nitric  acid  has  been  added  :  on 
distilling  the  liquid  thus  obtained  the  trichloride  volatilizes, 
and,  on  cooling,  solidifies  to  a  mass  of  white  crystals.  These 
melt  at  72°,  and  the  liquid  boils  at  180°.  When  a  solution  of 
the  trichloride  in  hydrochloric  acid  is  poured  into  water,  a 
white  precipitate  oi  powder  ofalgaroth  is  formed,  possessing 
the  composition  2  SbOCl+  SbgOj.  Antimony  oxychloride, 
SbOCl,  is  formed  when  the  trichloride  is  heated  with 
alcohol  to  a  temperature  of  160°. 

Antimony  Pentachloridey  SbCl^,  is  a  mobile  strongly- 
fuming  liquid,  obtained  by  passing  an  excess  of  chlorine  over 
the  trichloride  or  the  metal.  On  distillation  it  decomposes 
into  the  trichloride  and  free  chlorine. 

The  Sulphides  of  Antimony ^  SbgSg  and  Sb2S5,  correspond 
to  the  oxides,  and  are  capable  of  uniting  with  the  alkaline 
sulphides  to  form  a  class  of  soluble  salts.  Thus  sodium 
sulphantimoniate  is  Na3SbS4  +  9  H2O. 

Antimony  Hydride  (or  Stibine)  SbHg. — Like  arsenic,  anti- 
mony unites  with  hydrogen  to  form  a  gaseous  compound, 
SbHg,  analogous  to  AsHg,  arseniuretted  hydrogen.  The  gas 
is  evolved,  together  with  hydrogen,  when  an  antimony  salt 
is  brought  in  contact  with  zinc  and  dilute  acid.  Like  the 
corresponding  arsenic  compound,  it  burns  with  a  bluish 
flame,  evolving  white-coloured  antimony  trioxide,  and  is  de- 
composed at  a  red-heat  with  deposition  of  metallic  antimony. 

The  detection  and  separation  of  arsenic  and  antimony  is 
a  subject  of  much  importance  in  medical  jurisprudence,  as 
both  substances  exhibit  poisonous  characters,  and  closely 
resemble  one  another  in  their  reactions  :  still,  with  care,  it  is 
easy  to  discriminate  between  these  two  metals,  and  to  detect 
with  certainty  a  very  minute  quantity  of  either  when  present 
in  the  body  of  an  animal. 

BISMUTH. 

Symbol  Bi,  Atomic  Weight  208*4  Specific  Gravity  9*8. 

This  metal  is  found  in  small  quantities  in  the  native  state, 
but  occurs  more  frequently  as  a  sulphide  Bi2Ss ;  it  is  easily 
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reduced  to  the  metallic  state,  and  then  exhibits  a  pinkish- 
white  colour.  It  crystallizes  in  large  rhombohedra,  which 
can  scarcely  be  distinguished  from  cubes  ;  it  melts  at  264°, 
and  is  volatilized  at  a  white-heat.  Bismuth  does  not  oxidize 
in  dry  air  at  the  ordinary  temperature,  but  if  heated  strongly 
it  burns  with  a  blue  flame,  forming  an  oxide ;  it  also  takes 
fire  when  thrown  into  chlorine  gas,  forming  BiCls.  Bismuth 
dissolves  easily  in  nitric  acid.  The  metal  is  chiefly  used  as 
an  ingredient  of  fusible  metal ;  its  compounds  are  also  used 
in  medicine  and  as  pigments.  Two  oxides  of  bismuth  are 
known,  Bismuth  iri oxide,  Bi2  O3,  and  Bismuth  pentoxide^ 
Bi205.  The  first  of  these  is  a  pale  yellow  powder,  formed 
when  the  metal  is  roasted  in  the  air ;  the  secohd  oxide  is 
obtained  by  dissolving  the  first  in  potash,  and  precipitating 
the  pentoxide  by  nitric  acid  and  heating :  it  is  a  reddish- 
brown  powder.  Like  the  corresponding  antimony  compound, 
bismuth  pentoxide  forms  with  the  alkalis  soluble  salts. 

Bismuth  nitrate,  Bi(N03)3  +  5H2O,  is  the  most  important 
soluble  salt  of  bismuth ;  the  sulphide,  ^\^^,  is  a  black 
insoluble  compound ;  the  trichloride,  BiCl3,  is  obtained  by 
heating  the  metal  in  chlorine. 

One  of  the  most  striking  peculiarities  of  the  bismuth 
compounds  is,  that  solutions  of  the  salts  become  milky  on 
the  addition  of  water,  owing  to  the  formation  of  insoluble 
basic  compounds.  Thus  Bi(OH)2N03  is  formed  as  a  white 
powder,  used  in  medicine,  by  adding  water  to  a  solution  of 
the  normal  nitrate ;  and  an  oxychloride,  BiOCl,  is  precipi- 
tated by  adding  water  to  the  trichloride.  Metallic  bismuth 
is  easily  reduced  from  its  compounds  before  the  blowpipe, 
as  a  brittle  bead. 

VANADIUM. 
Symbol  V,  Atomic  Weight  51 '2. 

This  is  a  very  rare  metal :  its  compounds  occur  in  small 
quantity  in  certain  iron  ores,  and  also  in  combination  as  lead 
vanadate.  It  forms  an  interesting  oxide,  termed  Vanadium 
pentoxide,  VgOg,  which  yields  salts  called  vanculates 
isomorphous  with  arsenates  and  phosphates,  and  also  forms 
an  oxychloride,  VOCI3,  corresponding  to  phosphorus  oxy- 
chloride, POCI3. 

S  2 
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Tantalum,  Ta,  Atomic  Weight  182 ;  and  Niobium,  Nb, 
Atomic  Weight  94,  are  two  very  rare  metals  occurring, 
generally  together,  in  a  few  rare  minerals  such  as  columHte 
and  tantalite.  They  form  pentoxides,  Ta^Os  and  NbjO^i 
and  pentachlorides,  TaClg  and  NbCl^. 


Class  XII. — The  Gold  and  Platinum  Group. 
Cold,  Platinum^  and  the  rare  Platinum-like  Metals. 

gold. 

Symbol  Au  {Aurum\  Atomic  Weight  1967, 
Specific  Gravity  19*3. 

Gold  is  always  found  in  the  metallic  state :  it  occurs  in 
veins  in  the  older  sedimentary  or  in  the  plutonic  rocks,  and 
in  the  detritus  of  such  rocks  ;  it  occurs  in  traces  in  the  sand 
of  most  rivers,  and  although  found  generally  in  small  quan- 
tities, it  is  a  widely  diffused  metal.  Previous  to  the  discoveries 
of  the  gold-fields  of  California  and  Australia^  it  was  obtained 
from  certain  iron  pyrites.  In  order  to  obtain  the  gold,  the 
detritus  or  sand  which  contains  the  metal  is  washed  in  a 
'* cradle"  or  other  arrangement,  by  means  of  which  the 
lighter  particles  of  mud  or  mineral  are  washed  away,  whilst 
the  heavier  grains  of  gold  sink  to  the  bottom  of  the  vessel. 
When  gold  has  to  be  worked  in  the  solid  rock,  the  mineral 
is  crushed  to  powder  and  then  shaken  up  with  mercury,  and 
the  gold  thus  extracted  by  amalgamation. 

Gold  possesses  a  brilliant  yellow  colour,  and,  in  thin  films, 
transmits  green  light ;  it  is  nearly  as  soft  as  lead  and  can  be 
drawn  out  into  fine  wire,  being  the  most  malleable  of  all  the 
metals.  It  does  not  tarnish  at  any  temperature,  in  dry  or 
moist  air,  nor  is  it,  like  silver,  affected  by  sulphur ;  it  is  not 
acted  upon  by  any  single  acid  (except  selenic),  but  dissolves 
in  presence  of  free  chlorine  and  in  nitro-hydrochloric  acid. 
At  high  temperatures  gold  is  slightly  volatile.  Pure  gold  is 
best  prepared  by  dissolving  the  ordinary  metal  in  aqua  regia, 
and  adding  ferrous  sulphate,  which  is  oxidized  to  ferric  salt 
and  precipitates  the  gold  as  a  brown  powder.  The  standard 
gold  of  our  country  is  an  alloy  of  gold  and  copper  in  the 
proportion  of  1 1  of  gold  to  i  of  copper,  or  8*33  per  cent,  of 
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the  latter  metal :  this  alloy  is  harder  and  more  fusible,  but 
less  ductile,  than  pure  gold. 

Gold  unites  with  oxygen  in  two  proportions,  forming  Gold 
suboxide^  AugO,  and  Gold  trioxide,  AU2O3.  Neither  of  these 
oxides  form  salts  with  acids  ;  but  the  latter  unites  with 
bases  to  form  compounds  called  aurates :  thus  potassium 
aurate  is  KAUO2.  Gold  trioxide  is  obtained  by  adding  zinc 
oxide  or  magnesia  to  a  solution  of  gold  trichloride ;  the  oxide 
falls  as  a  brown  powder,  from  which  the  zinc  can  be  sepa- 
rated by  nitric  acid.  Gold  trioxide  decomposes,  in  direct 
sunlight,  into  metal  and  oxygen,  and  is  also  reduced  when 
heated  to  a  temperature  of  about  250°.  The  most  important 
compound  of  gold  trioxide  is  fulminating  gold.  This  sub- 
stance is  obtained  by  acting  on  a  solution  of  gold  with  excess 
of  ammonia  ;  a  yellow-brown  powder  is  precipitated,  which, 
when  dry,  explodes  very  easily  when  heated  to  100°,  or  when 
struck  with  a  hammer.  There  are  two  gold  chlorides  known : 
(l)  Gold  monockloride^  AuCl,  obtained  as  an  insoluble  white 
mass  when  gold  trichloride  is  heated  to  the  melting-point  of 
tin ;  (2)  Gold  trichloride^  AUCI3,  obtained  when  gold  is  dis- 
solved in  aqua  regia.  This  is  the  most  important  compound 
of  gold.  On  evaporating  the  solution,  crystals  of  a  compound 
of  gold  trichloride  and  hydrochloric  acid  are  deposited. 
Gold  trichloride  also  forms  crystalline  compounds  with  the 
alkaline  chlorides. 

Gold  salts  can  be  easily  recognized  by  the  brown  precipi- 
tate of  metallic  gold  formed  on  addition  of  ferrous  salts,  which 
can  be  reduced  to  a  globule  before  the  blowpipe  : 

2AuCl8  +  6FeS04  =  2Au  +  2Fea(S04),  +  2FeCl,; 

and  also  by  the  formation  of  a  purple  colour  (purple  of 
cassius),  when  gold  trichloride  is  added  to  a  dilute  solution 
of  a  mixture  of  the  two  tin  chlorides  (p.  254). 


PLATINUM. 

Symbol  V\.^  Atomic  Weight  194*5,  Specific  Gravity  21*5. 

Platinum  is  a  comparatively  rare  metal,  which  always 
occurs  in  the  native  state,  and  generally  alloyed  with  five  other 
metals,  viz.  palladium,  rhodium,  iridium^  osmium,  and  ruthe- 
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nium.  This  alloy  occurs  in  small  grains  in  detritus  and 
gravel  in  Siberia  and  Brazil ;  it  has  not  been  found  in  situ 
in  the  original  rock,  which  probably  belongs  to  the  old 
plutonic  series. 

The  original  mode  of  obtaining  the  metal  was  to  dissolve 
the  ore  in  aqua  regia,  and  precipitate  the  platinum  (together 
with  several  of  the  accompanying  metals)  with  sal-anmioniac, 
as  the  insoluble  double  chloride  of  ammonium  and  platinum, 
2NH4Cl+PtCl4.  This  precipitate,  on  heating,  yields  me- 
tallic platinum  in  a  finely  divided  or  spongy  state ;  this 
sponge,  if  forcibly  pressed  and  hammered  when  hot  gradu- 
ally assumes  a  coherent  metallic  condition,  the  particles  of 
platinum  welding  together,  when  hot,  like  iron.  An  im- 
proved mode  of  preparing  the  metal  has  been  proposed  by 
Deville,the  ore  being  melted  in  a  very  powerful  furnace  heated 
with  the  oxy-hydrogen  blowpipe.  In  this  way  a  pure  alloy 
of  platinum,  iridium,  and  rhodium  is  formed,  the  other  con- 
stituents and  impurities  of  the  ore  either  being  volatilized 
by  the  intense  heat,  or  absorbed  by  the  lime  of  which  the 
crucible  is  composed.  This  alloy  is  in  many  respects  more 
useful  than  pure  platinum,  being  harder  and  less  easily 
attacked  by  acids  than  the  pure  metal. 

Platinum  possesses  a  bright  white  colour,  and  does  not 
tarnish  under  any  circumstances  in  the  air ;  it  is  extremely 
infusible,  and  can  only  be  melted  by  the  heat  of  the  oxy- 
hydrogen  blowpipe.  It  is  unacted  upon  by  the  ordinary  acids, 
on  which  account  platinum  vessels  are  much  used  in  the 
laboratory  ;  it  is,  however,  dissolved  by  aqua  regia,  and 
attacked  by  caustic  alkalis  at  high  temperatures.  When 
finely  divided,  metallic  platinum  has  the  power  of  con- 
densing gases  on  to  its  surface  in  a  remarkable  degree  :  the 
effect  of  bringing  spongy  platinum  in  contact  with  a  mixture 
of  oxygen  and  hydrogen  has  already  been  mentioned. 

Platinum  and  oxygen  unite  in  two  proportions  to  form — 
(l)  Platinum  monoxide,  PtO  ;  and  (2)  Platinum  dioxide,  Pt02 
The  first  of  these  oxides  is  a  black  powder,  easily  decomposed 
on  heating,  and  yielding  a  series  of  unstable  salts  ;  the  second 
is  obtained  as  a  brown  hydrate,  by  adding  to  a  solution  of 
platinic  nitrate  half  its  equivalent  of  caustic  potash  :  the 
hydrate,  when  heated,  first  loses  its  water,  forming  the  anhy- 
drous oxide,  and  then  parts  with  its  oxygen,  leaving  dbe 
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metal.  Platinum  dichloride^  PtClj,  is  a  green  insoluble 
powder,  obtained  by  heating  the  higher  chloride  to  200°. 
Platinum  tetrachloride^  PtCl4,  is  the  most  important  platinum 
compound.  It  is  obtained  as  a  yellowish-red  solution  by 
dissolving  the  metal  in  aqua  regia  ;  on  evaporation,  crystals 
of  a  compound  of  platinum  tetrachloride  with  hydrochloric 
acid  separate  out.  Platinum  tetrachloride  combines  with 
many  alkaline  chlorides  to  form  double  salts  :  these  com- 
pounds with  potassium,  rubidium,  caesium,  and  ammonium 
are  very  slightly  soluble  in  water,  and  are  isomorphous, 
crystallizing  in  cubes  ;  whilst  the  sodium  salt  is  soluble,  and 
crystallizes  in  large  prisms. 

Platinum  dichloride,  when  acted  upon  by  ammonia,  gives 
rise  to  several  very  remarkable  compounds,  containing 
platinum,  nitrogen,  and  hydrogen  ;  these  substances  act  as 
bases,  and  form  a  well-defined  series  of  salts.  These  salts 
may  be  considered  as  molecules  of  ammonium,  in  which  the 
hydrogen  has  been  partly  replaced  by  either  diatomic  or 
tetratomic  platinum. 

[For  the  properties  of  the  rare  metals,  palladium,  rhodium, 
ruthenium,  iridium,  and  osmium,  the  larger  manuals  must  be 
consulted.] 

The  Natural  Arrangement  of  the  Elements^ 

The  table  shown  on  page  264  contains  all  the 
elements  whose  atomic  weights  are  well  ascertained, 
arranged  according  to  those  weights,  beginning  with  the 
lowest,  namely  hydrogen.  An  examination  of  the  table 
shows  that  a  remarkable  relationship  exists  between  the 
atomic  weight  and  the  properties  of  the  element.  Thus  if 
we  take  the  elements  from  lithium  to  chlorine  we  find  they 
fall  into  the  two  following  groups  : 


Li     7 

Be     9 

B    11 

C  12 

N  14 

0  16 

F    19. 

Na  23 

Mg24 

Al  27 

Si  28 

P31 

S32 

CI  35-5. 

Here  we  see  that  by  simply  writing  them  in  this  order  we 
get  the  analogous  elements  coming  under  one  another. 
Suppose  again  we  take  the  following  ser^elements  which 
begin  with  potassium,  we  find  exactly  the  s^me  taking  place. 

K39      Ca40      Sc44      Ti  48      V  51       Cr  5a      Mn  55. 
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We  can  thus  arrange  the  whole  of  the  elements  in  groups 
of  seven,  as  shown  in  the  table,  except  that  in  three  cases  we 
have  three  elements  with  atomic  weights  nearly  alike 
forming  an  eighth  division  of  a  group.  In  the  verticsd  series 
we  find  the  various  groups  of  naturally  allied  elements,  such 
as  the  alkali-metals,  carbon  group,  nitrogen  group,  &c., 
whilst  in  the  horizontal  series  the  properties  change  regularly 
from  one  group  to  another.  This  is  seen  not  only  in  the 
chemical  properties,  such  as  their  power  of  combination 
with  the  maximum  number  of  atoms  of  oxygen  or  hydrogen, 
but  also  in  many  of  their  physical  properties.  Thus  the  specific 
gravity  of  the  series  beginning  with  silver  is  as  follows ; 

Ag  Cd  In  Sn  Sb  Te  I 

Sp,  Gr,  =  105       865       742       729       67       625       4-95. 

It  appears,  therefore,  that  matter  becomes  endowed  with 
similar  properties  when  the  atomic  weight  has  increased  by 
16,  33,  or  50  units,  or  in  other  words  the  properties  of  the 
elements  are  periodic  functions  of  the  atomic  weights.  This 
was  first  enunciated  by  Newlands,  and  afterwards  more 
thoroughly  worked  out  by  the  Russian  chemist  Mendel^eff, 
and  by  Lothar  Meyer,  and  is  known  as  the  periodic  law. 

Further  examination  of  the  table  shows  that  other  relation- 
ships exist  between  many  of  the  elements :  thus  it  frequently 
happens  that  the  elements  of  one  vertical  group  are  con- 
nected by  isomorphism  or  by  analogous  chemical  properties 
with  those  in  a  neighbouring  horizontal  series.  Thus 
vanadium,  showing  its  close  connection  with  phosphorus  by 
its  volatile  oxy chloride  and  by  the  isomorphism  of  the 
vanadates  with  the  phosphates,  is  allied  in  its  chemical 
characters  with  niobium  and  also  with  chromium  and 
molybdenum. 

TTiese  last  two  elements  are  connected  with  sulphur  by  the 
isomorphism  of  the  chromates,  molybdates,  and  sulphates^ 
just  as  manganese  and  chlorine  are  connected  by  the  isomor- 
phism of  the  permanganates  and  the  perchlorates.  Silver,  on 
the  one  hand,  exhibits  analogies  with  copper  and  mercury, 
but,  on  the  other,  the  isomorphous  relations  which  it  exhibits 
to  sodium  place  it  near  the  metals  of  the  alkalis. 

Prediction  of  New  Elements.  In  the  above  table  a  number 
of  gaps  will  be  noticed  where  there  is  no  element  known 
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with  the  atomic  weight  required.  When  Mendel^ff  first 
brought  out  this  table,  a  gap  existed  between  Ca  40  and 
Ti  48,  and  a.  double  gap  between  Zn  65  and  As  75.  He 
predicted  that  elements  would  yet  be  discovered  to  fill 
these  three  gaps,  and  from  the  position  these  occupied  with 
regard  to  the  other  elements  he  foretold  the  properties  which 
such  elements  would  possess,  naming  them  Ekaboron,  Ekalu- 
minium,  and  Ekasilicon.  These  three  elements  have  since 
been  discovered,  and  are  now  known  as  Scandium,  Gallium, 
and  Germanium ;  it  has  been  found  that  they  possess 
properties  which  fulfil  Mendel^fl's  predictions  in  a  most 
remarkable  manner. 


LESSON  XXVII 

SPECTRUM  ANALYSIS 

An  entirely  new  branch  of  chemical  analysis,  of  great  deli- 
cacy, simplicity,  and  importance,  has  been  developed  within 
the  last  thirty  years,  chiefly  by  the  researches  of  Bunsen  and 
Kirchhoff,  the  principles  of  which  may  here  be  shortly  stated. 

It  has  long  been  known  that  certain  chemical  substances, 
especially  the  salts  of  alkalis  and  alkaline  earths,  when 
strongly  heated  in  the  blowpipe,  or  other  nearly  colourless 
flame,  impart  to  that  flame  a  peculiar  colour,  by  the  occur- 
rence of  which  the  presence  of  the  substance  maybe  delected. 
If  many  of  these  substances  are  present  together,  the  detec- 
tion of  each  by  the  naked  eye  becomes  impossible,  owing  to 
the  colours  being  blended,  and  thus  interfering  with  each 
other.  Thus,  for  instance,  the  sodium  compounds  colour  the 
flame  an  intense  yellow,  whilst  the  potassium  salts  tinge  the 
flame  violet :  the  yellow  soda  colour  is,  however,  so  much 
more  intense  than  the  purple  potash  tint,  that  a  small  trace 
of  soda  prevents  the  eye  from  detecting  the  purple,  even  if 
large  quantities  of  potash  salts  are  present.  This  difficulty 
is  altogether  overcome,  and  the  method  of  observation  ren- 
dered extremely  sensitive,  if,  instead  of  regarding  the  flame 
with  the  naked  eye,  it  is  examined  through  a  prism.    This 
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consists  of  a  triangular  piece  of  glass,  in  passing  through 
which  the  light  is  refracted,  or  bent  out  of  its  course,  each 
differently  coloured  ray  being  differently  refracted ;  so  that 
if  a  source  of  white  Hght,  such  as  the  flame  of  a  candle,  is 
thus  regarded,  a  continuous  band  of  differently  coloured  rays 
is  observed ;  the  compound  white  light  being  resolved  into 
all  its  variously  coloured  constituents.  This  coloured  band 
is  termed  a  spectrum;  and  each  source  of  pure  white  light 
gives  the  same  continuous  spectruniy  stretching  from  red  (the 
least  refrangible)  to  violet  (the  most  refrangible)  colour, 
identical  in  fact  with  the  colours  of  the  rainbow.  (See  No.  i 
of  the  chromolith  plate  at  beginning  of  volume.) 

If  these  coloured  flames  are  examined  by  means  of  a  prism, 
the  light  being  allowed  to  fall  through  a  narrow  slit  upon  the 
prism,  it  is  at  once  seen  that  the  light  thus  refracted  differs 
essentially  from  white  light,  inasmuch  as  it  consists  of  only 
a  particular  set  of  rays,  each  flame  giving  a  spectrum  contain- 
ing a  few  bright  bands.  Thus  the  spectrum  of  the  yellow  soda 
flame  contains  only  one  fine  bright  yellow  double  line,  whilst 
the  purple  potash  flame  exhibits  a  spectrum  in  which  there 
are  two  bright  lines,  one  lying  at  the  extreme  red,  and  the 
other  at  the  extreme  violet  end.  (See  Nos.  7  and  2  on  the 
above  plate.)  These  peculiar  lines  are  always  produced  by 
the  same  chemical  element,  and  by  no  other  known  substance; 
and  the  positions  of  the  lines  always  remain  unaltered. 
When  the  spectrum  of  a  flame  tinted  by  a  mixture  of  sodium 
and  potassium  salts  is  examined,  the  yellow  ray  of  sodium  is 
found  to  be  confined  to  its  own  position,  whilst  the  potassium 
red  and  purple  lines  are  as  plainly  seen  as  they  would  have 
been  had  no  sodium  been  present. 

The  coloured  flames  which  are  exhibited  by  the  salts  of 
lithium,  barium,  strontium,  and  calcium,  likewise  each  give 
rise  to  a  peculiar  spectrum,  by  means  of  which  the  presence 
or  absence  of  very  small  quantities  of  these  substances  in 
a  mixture  can  be  ascertained  with  certainty,  simply  by 
observing  the  presence  or  absence  of  the  peculiar  bright 
bands  characteristic  of  the  particular  body.  (See  chromo- 
lith.) 

The  advantage  which  this  new  method  of  analysis  pos- 
sesses over  the  older  processes  lies  in  the  extreme  delicacy 
as  well  as  in  the  great  facility  with  which  the  presence  of 
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We  can  thus  arrange  the  whole  of  the  elements  in  groups 
of  seven,  as  shown  in  the  table,  except  that  in  three  cases  we 
have  three  elements  with  atomic  weights  nearly  alike 
forming  an  eighth  division  of  a  group.  In  the  verticad  series 
we  find  the  various  groups  of  naturally  allied  elements,  such 
as  the  alkali-metals,  carbon  group,  nitrogen  group,  &c., 
whilst  in  the  horizontal  series  the  properties  change  regularly 
from  one  group  to  another.  This  is  seen  not  only  in  the 
chemical  properties,  such  as  their  power  of  combination 
with  the  maximum  number  of  atoms  of  oxygen  or  hydrogen, 
but  also  in  many  of  their  physical  properties.  Thus  the  specific 
gravity  of  the  series  beginning  with  silver  is  as  follows : 

Ag  Cd  In  Sn  Sb  Te  I 

Sp.  Gr,  =  IO*5       8*65       7-42       7*29       67       6*25       4-95. 

It  appears,  therefore,  that  matter  becomes  endowed  with 
similar  properties  when  the  atomic  weight  has  increased  by 
16,  33,  or  50  units,  or  in  other  words  M^  properties  of  the 
elements  are  periodic  functions  of  the  atomic  weights.  This 
was  first  enunciated  by  Newlands,  and  afterwards  more 
thoroughly  worked  out  by  the  Russian  chemist  Mendel^eff, 
and  by  Lothar  Meyer,  and  is  known  as  the  periodic  law. 

Further  examination  of  the  table  shows  that  other  relation- 
ships exist  between  many  of  the  elements :  thus  it  frequently 
happens  that  the  elements  of  one  vertical  group  are  con- 
nected by  isomorphism  or  by  analogous  chemical  properties 
with  those  in  a  neighbouring  horizontal  series.  Thus 
vanadium,  showing  its  close  connection  with  phosphorus  by 
its  volatile  oxychloride  and  by  the  isomorphism  of  the 
vanadates  with  the  phosphates,  is  allied  in  its  chemical 
characters  with  niobium  and  also  with  chromium  and 
molybdenum. 

These  last  two  elements  are  connected  with  sulphur  by  the 
isomorphism  of  the  chromates,  molybdates,  and  sulphates, 
just  as  manganese  and  chlorine  are  connected  by  the  isomor- 
phism of  the  permanganates  and  the  perchlorates.  Silver,  on 
the  one  hand,  exhibits  analogies  with  copper  and  mercury, 
but,  on  the  other,  the  isomorphous  relations  which  it  exhibits 
to  sodium  place  it  near  the  metals  of  the  alkalis. 

Prediction  of  New  Elements,  In  the  above  table  a  number 
of  gaps  will  be  noticed  where  there  is  no  element  known 
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We  can  thus  arrange  the  whole  of  the  elements  in  groups 
of  seven,  as  shown  in  the  table,  except  that  in  three  cases  we 
have  three  elements  with  atomic  weights  nearly  alike 
forming  an  eighth  division  of  a  group.  In  the  vertical  series 
we  find  the  various  groups  of  naturally  allied  elements,  such 
as  the  alkali-metals,  carbon  group,  nitrogen  group,  &c., 
whilst  in  the  horizontal  series  the  properties  change  regularly 
from  one  group  to  another.  This  is  seen  not  only  in  the 
chemical  properties,  such  as  their  power  of  combination 
with  the  maximum  number  of  atoms  of  oxygen  or  hydrogen, 
but  also  in  many  of  their  physical  properties.  Thus  the  specific 
gravity  of  the  series  beginning  with  silver  is  as  follows : 

Ag  Cd  In  Sn  Sb  Te  I 

Sp,  Gr.  =  105       865       7-42       7*29       67       6-25       4-95. 

It  appears,  therefore,  that  matter  becomes  endowed  with 
similar  properties  when  the  atomic  weight  has  increased  by 
16,  33,  or  50  units,  or  in  other  words  t/ie  properties  of  the 
elements  are  periodic  functions  of  the  atomic  weights.  This 
was  first  enunciated  by  Newlands,  and  afterwards  more 
thoroughly  worked  out  by  the  Russian  chemist  Mendel^eff, 
and  by  Lothar  Meyer,  and  is  known  as  the  periodic  law. 

Further  examination  of  the  table  shows  that  other  relation- 
ships exist  between  many  of  the  elements :  thus  it  frequently 
happens  that  the  elements  of  one  vertical  group  are  con- 
nected by  isomorphism  or  by  analogous  chemical  properties 
with  those  in  a  neighbouring  horizontal  series.  Thus 
vanadium,  showing  its  close  connection  with  phosphorus  by 
its  volatile  oxy chloride  and  by  the  isomorphism  of  the 
vanadates  with  the  phosphates,  is  allied  in  its  chemical 
characters  with  niobium  and  also  with  chromium  and 
molybdenum. 

These  last  two  elements  are  connected  with  sulphur  by  the 
isomorphism  of  the  chromates,  molybdates,  and  sulphates, 
just  as  manganese  and  chlorine  are  connected  by  the  isomor- 
phism of  the  permanganates  and  the  perchlorates.  Silver,  on 
the  one  hand,  exhibits  analogies  with  copper  and  mercury, 
but,  on  the  other,  the  isomorphous  relations  which  it  exhibits 
to  sodium  place  it  near  the  metals  of  the  alkalis. 

Prediction  of  New  Elements,  In  the  above  table  a  number 
of  gaps  will  be  noticed  where  there  is  no  element  known 
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metallic  spectrum  be  both  allowed  to  fall,  one  below  the  other, 
in  the  field  of  the  telescope,  the  bright  lines  of  the  metal  are 
all  seen  to  be  continued  in  dark  solar  lines.  In  the  case  of 
metallic  iron  alone,  more  than  sixty  such  coincidences  have 
been  observed  ;  and  the  higher  the  magnifying  power  em- 
ployed, the  more  striking  and  exact  does  this  coincidence 
appear. 

With  other  metals — such,  for  instance,  as  gold,  antimony, 
lithium— no  single  coincidence  can  be  noticed,  whilst  all  the 
lines  of  certain  other  metals  have  their  dark  representatives 
in  the  sun.  From  these  facts  it  is  clear  that  there  must  be 
some  kind  of  connection  between  the  bright  lines  of  these 
metals  and  the  coincident  dark  solar  lines,  as  such  coinci- 
dences cannot  be  the  result  of  mere  chance.  Is  the  coin- 
cidence of  the  dark  solar  lines  with  the  bright  iron  lines 
caused  by  the  presence  of  iron  in  the  sun .?  And  if  so,  how 
do  the  lines  come  to  appear  dark  in  the  solar  spectrum  ? 

The  explanation  of  this  is  given  by  an  experiment,  in 
which  the  bright  metallic  lines  are  reversed,  or  changed  into 
dark  lines.  Thus  the  bright  yellow  soda  lines  (coincident 
with  Fraunhofer's  lines  D)  can  be  made  to  appear  as  dark 
lines,  by  allowing  the  rays  from  a  strong  source  of  white  light 
(such  as  the  oxyhydrogen  light)  to  pass  through  a  "flame 
coloured  by  soda,  and  then  to  fall  upon  the  slit  of  the  spec- 
troscope. Instead  of  then  seeing  the  usual  soda  spectrum  of 
a  bright  yellow  double  line  upon  a  dark  ground,  a  double  dark 
line,  identical  in  position  and  breadth  with  the  soda  line,  will 
be  seen  to  intersect  the  continuous  spectrum  of  the  white 
light.  Here  then  the  yellow  flame  has  absorbed  the  same 
kind  of  light  that  it  emits,  a  consequent  diminution  of  inten- 
sity in  that  part  of  the  spectrum  has  occurred,  and  a  dark  line 
has  made  its  appearance.  In  like  manner  the  spectra  of  many 
other  substances  have  been  reversed^  each  substance  in  the 
state  of  vapour  having  the  power  of  absorbing  the  same  rays 
it  emits,  or  being  opaque  for  such  rays. 

The  explanation  of  the  existence  of  dark  lines  in  the  solar 
spectrum,  coincident  with  bright  metallic  lines,  now  becomes 
evident  :  these  dark  lines  are  caused  by  the  passage  of  white 
light  through  the  glowing  vapour  of  the  metals  in  question, 
present  in  the  sun's  atmosphere,  and  these  vapours  absorb 
exactly  the  same  kind  of  light  which  they  are  able  to  emit. 
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The  sun's  atmosphere,  therefore,  containv  these  metals  in  the 
condition  of  glowing  gases,  the  white  light  proceeding  from 
the  strongly  heated  solid  or  liquid  mass  of  the  sun  which  lies 
in  the  interior. 

By  observing  the  coincidences  of  these  dark  lines  with  the 
bright  lines  of  terrestrial  metals,  we  arrive  at  a  knowledge  of 
the  occurrence  of  such  metals  in  the  solar  atmosphere  with 
as  great  a  degree  of  certainty  as  we  are  able  to  attain  in 
any  question  of  physical  science.  The  metals  hitherto 
detected  in  the  sun's  atmosphere  are  seventeen  in  number, 
viz.  iron,  sodium,  potassium,  magnesium,  calcium,  chromium, 
nickel,  barium,  copper,  zinc,  strontium,  cadmium,  cobalt, 
manganese,  aluminium,  lead,  titanium.  Hydrogen  and 
oxygen  are  also  known  to  exist  in  the  sun.  The  former 
element  is  found  to  exist  in  large  quantity  surrounding  the 
luminous  portions  of  the  sun's  body  as  a  zone  of  incan- 
descent gas,  termed  the  solar  chromosphere ^  whilst  masses  of 
ignited  hydrogen  thrown  still  higher  form  the  red  protuber- 
ances seen  during  a  total  eclipse.  The  rapidity  with  which 
the  Ignited  hydrogen  moves  on  the  sun's  surface  is  enormous  ; 
solar  cyclones  or  circular  storms  have  been  shown  by  Lockyer 
to  blow  with  a  velocity  compared  with  which  our  most  violent 
terrestrial  tornadoes  are  mere  summer  breezes. 

Stellar  Chemistry. — The  same  methods  of  observation  and 
reasoning  apply  to  the  determination  of  the  chemical  consti- 
tution of  the  atmospheres  of  the  fixed  stars,  which  are  self- 
luminous  suns  ;  but  the  experimental  difficulties  are  greater, 
and  the  results,  therefore,  are  as  yet  less  complete,  though 
not  less  conclusive  than  is  the  case  with  our  sun. 

The  spectra  of  the  stars  all  contain  dark  lines,  but  these 
are  for  the  most  part  different  from  the  solar  lines,  and  differ 
from  one  another ;  hence  we  conclude  that  the  chemical  con- 
stitution of  the  solar  and  stellar  atmospheres  is  different. 
Many  of  the  substances  known  on  this  earth  have  been 
detected  in  the  atmosphere  of  the  stars.  We  owe  this  most 
important  discovery  to  Dr.  Huggins  and  Professor  W..  A. 
Miller.  Thus  the  star  called  Aldebaran  contains  hydrogen, 
sodium,  magnesium,  calcium,  iron,  tellurium,  antimony,  bis- 
muth, and  mercury  ;  whilst  in  Sirius  only  sodium,  magnesium, 
and  hydrogen  have  with  certainty  been  detected. 

In  examining  the  spectra  of  some  of  the  nebulae,  a  striking 

T 


274  ELEMENTARY  CHEMISTRY    lesson  xxvii 

difference  is  observed  :  the  stellar  spectra,  it  will  be  remem- 
bered, resemble  the  spectrum  of  the  sun,  inasmuch  as  each 
consists  of  a  bright  ground  intersected  with  dark  lines  ;  the 
spectra  of  certain  of  the  nebulae,  on  the  other  hand,  consist 
simply  of  bright  lines y  like  the  spectra  of  hydrogen,  nitrogen, 
or  any  of  the  metals.  Hence  we  conclude  that  these  nebulae 
are  masses  of  glowing  gas,  and  do  not  consist,  like  the  sun 
and  stars,  of  a  solid  or  liquid  mass,  surrounded  by  a  gaseous 
atmosphere. 

The  subject  of  solar  and  stellar  chemistry  is  still  in  its 
infancy,  but  the  results  already  obtained  lead  to  the  belief 
that  our  knowledge  of  the  chemical  composition  of  those  far 
distant  bodies  will  become  more  intimate  as  the  methods  of 
experiment  and  observation  are  gradually  perfected. 

[For  fuller  information  on  this  subject  see  Roscoe's  Lectures 
on  spectrum  Analysis^  and  Lockyer's  Lessons  in  Elementary 
Astronomy^ 


CHEMISTRY  OF  THE  CARBON  COMPOUNDS  OR 

ORGANIC   CHEMISTRY 

LESSON  XXVIII 

Organic  Chemistry  has  been  defined  as  the  chemistry  of 
the  carbon  compounds,  as  carbon  forms  the  most  important 
and  characteristic  constituent  of  vegetable  and  animal  sub- 
stances. It  was  formerly  believed  that  these  compounds 
could  not  be  obtained  artificially,  but  that  for  their  formation 
life  in  some  form  or  other  was  necessary.  This  view  has 
however  long  since  been  proved  incorrect,  and  it  is  now 
known  that  no  real  difference  exists  in  the  laws  regulating  the 
formation  of  the  substances  classed  under  these  two  great 
divisions.  Nevertheless  the  number  of  compounds  which 
belong  to  this  group  is  so  large,  and  their  constitution 
frequently  sc  complicated,  that  they  are  best  considered  after 
the  more  simple  inorganic  compounds  have  been  described. 
Carbon  itself,  however,  as  well  as  the  more  simple  carbon 
compounds,  such  as  the  oxides  and  the  carbonates,  are  for 
the  sake  of  convenience  always  considered  together  with  the 
inorganic  compounds.     (See  p.  75.) 

A  distinction  must  be  carefully  drawn  between  an  organic 
substance  and  an  organism;  the  former  is  a  single  and 
definite  substance  which  it  is  possible  to  prepare  artifi- 
cially from  its  elementary  constituents ;  the  latter  contains 
several  or  many  definite  chemical  substances  and  has  a  form, 
the  result  of  animal  or  vegetable  growth,  which  cannot 
be  produced  by  artificial  means.  It  does,  indeed,  differ 
fundamentally  in  constitution  and  mode  of  formation  from 
any  inorganic  compound,  inasmuch  as  it  exhibits  what  is 
termed  an  organised  structure,  being  the  sole  and  direct 
product  of  animal  or  vegetable  life.  Such  an  organised 
structure    is    seen    in  the  simple  cell^  the  germ  of  living 

T  2 
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organisms.  It  cannot  be  artificially  prepared  from  its 
elementary  constituents,  whereas  any  crystalline  or  liquid 
organic  body  may  possibly  be  thus  built  up  from  its 
elements. 

The  first  striking  peculiarity  which  the  carbon  compounds 
exhibit  is  their  extraordinary  number,  those  already  known 
far  exceeding  all  the  comp)ounds  of  the  other  elements  taken 
together,  and  new  ones  being  daily  brought  to  light.  A 
second  peculiarity  of  these  compounds  is,  that  the  great 
majority  of  them  are  formed  by  the  union  of  carbon  in 
different  proportions  with  one  or  more  of  three  other  elements, 
viz.,  hydrogen,  oxygen,  and  nitrogen ;  whilst  the  number 
of  atoms  of  these  elements  contained  in  the  molecule  of 
many  organic  bodies  is  extremely  large  ;  thus  sugar  contains 
45,  and  stearin  no  less  than  173  atoms  of  the  constituent 
elements. 

The  cause  of  the  multiplicity  of  the  carbon  compounds  is 
to  be  found  in  a  fundamental  and  distinctive  property  of 
carbon  itself.  This  consists  in  the  power  which  this  element 
possesses,  in  a  much  higher  degree  than  any  of  the  others,  of 
uniting  with  itself  io  form  complicated  compounds,  contain- 
ing an  aggregation  of  carbon  atoms  united  with  either 
hydrogen,  oxygen,  nitrogen,  or  several  of  these,  bound 
together  to  form  a  distinct  chemical  whole. 

Carbon  is  a  tetratomic  element ;  the  simplest  compound  of 
carbon  with  hydrogen  is  marsh  gas  or  methane,  CH4. 

In  this  compound  \h.Gfour  combining  units  of  the  carbon 
atom  are  saturated,  or  satisfied,  by  union  with  the  four  atoms 
of  hydrogen ;  and  hence  marsh  gas,  CH4,  is  said  to  be  a 
scUurated  compound.  Four  atoms  of  any  other  monad  would, 
however,  satisfy  this  condition  ;  and  we  find,  in  fact,  that  one 
or  more  of  the  four  atoms  of  hydrogen  can  be  substituted, 
step  by  step,  for  chlorine,  so  that  the  following  substitution 
products  are  obtained : 

CH4.     CH3CI.     CH2Cl2>     CHCls.     CCI4. 

The  four  combining  units  of  the  carbon  atom  can  be 
saturated  not  only  by  the  union  of  the  carbon  to  four  monad 
atoms,  but  also  by  its  union  to  two  dyad  atoms,  or  to  one  triad 
and  one  monad,  or  to  one  tetrad  atom.  Thus  in  carbon 
dioxide^  QO^  and  carbon  disulphide,  CS2)  we  have  a  carbon 
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atom  saturated  with  two  dyads  :  in  hydrogen  cyanide  (pnissic 
acid),  CHN,  we  have  a  carbon  atom  saturated  with  a  triad 
(N)  and  a  monad  (H)  element. 

When  two  atoms  of  tetravalent  carbon  unite  together,  a 
new  radical  or  group  of  atoms  is  formed  :  the  simplest  case 
of  this  duplication  of  the  carbon  element  is  that  of  the  com- 
bination of  one  of  the  four  combining  units  of  one  atom  with 
one  of  the  four  units  of  the  other  atom  :  so  that  two  of  the 
eight  original  combining  units  are  saturated  or  disposed  of, 
and  only  six  remain  free  to  combine.  Hence,  whilst  CH4  is 
the  type  and  starting  point  of  the  monocarbon  series,  CjHg 
is  that  of  the  dicarbon  series  ;  and  similarly,  CgHg  that  of 
the  tricarbon  series  ;  and  no  compound  of  any  of  these  three 
series  is  known  containing  respectively  more  than  four,  six,  or 
eight  atoms  of  a  monad. 

The  following  graphic  representation  of  these  three  typical 
compounds  may  help  to  render  their  mode  of  formation  more 
evident — 

Monocarbon  Series.  BIcarbon  Series.  Tricarbon  Series. 


K-©-H 


XL, 

HSHH 


[-(in 


If  four  atoms  of  carbon  combine  together  in  a  similar  man- 
ner, ten  combining  units  remain  free  and  yield  on  saturation 
with  hydrogen  the  hydrocarbon  C^y^^  and  so  on.  It  will 
thus  be  seen  that  a  substitution  of  an  atom  of  hydrogen  by 
the  group  CH3  is  necessary  to  pass  up  the  series,  or  in  other 
words  each  of  these  hydrocarbons  differs  from  the  previous 
one  by  containing  in  addition  the  elements  CH2,  and  the 
composition  of  the  members  of  the  series  may  therefore  be 
represented  by  the  general  formula  C„H2n  +  2. 

The  replacement  of  an  atom  of  hydrogen  by  the  group  CH3 
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can  actually  be  experimentally  made,  and  the  higher  and  more 
complicated  carbon  compounds  thus  obtained  by  synthesis 
from  the  lowest  and  simplest  one,  whilst  this,  in  its  turn,  can 
be  prepared  from  its  constituent  elements.  We  are  well 
acquainted  with  a  large  number  of  artificially  prepared 
members  of  this  series,  containing  from  one  to  fifteen  atoms 
of  carbon,  combined  with  a  saturating  quantity  of  hydrogen; 
and  each  member  of  the  series  forms  a  starting-point  for 
a  number  of  peculiar  derivatives  all  containing  a  common 
constituent,  and  exhibiting  a  family  likeness. 

Homologous  Series,  Compound  Radicals, — The  com- 
pounds obtained  from  each  member  of  this  homologous  series 
of  mono-,  di-,  tri-,  and  higher  carbon  groups,  may  indeed  be 
compared  with  those  of  the  inorganic  metals  ;  and  each 
different  carbon  series  may  be  supposed  to  contain  a  gn"oup 
of  atoms  of  carbon  and  hydrogen  which  plays  the  same  part  in 
these  compounds  as  the  metal  does  in  the  metallic  salts,  and 
to  which  the  name  of  compound  radical  \i?is  been  given.  An 
example  of  such  a  compound  radical  has  also  been  described 
in  the  inorganic  portion,  viz.  Ammonium  (p.  199).  The  radical 
contained  in  each  of  the  three  typical  substances  whose  formulae 
are  given  on  p.  277,  consists  of  carbon  and  hydrogen  atoms, 
and  contains  one  atom  less  hydrogen  than  the  hydrocarbon 
itself ;  and  each  of  these  bodies  may  therefore  be  termed 
the  hydride  of  a  radical,  and  considered  to  be  a  molecule  of 

H  1 
hydrogen,   jj  r  >   ii^  which  one    atom  of  the  hydrogen  is 

replaced  by  a  radical.     Thus  we  have  : 

Monocarbon  Series.  Dicarbon  Series.  Tricarbon  Series. 

Methyl  hydride  CH3I     Ethyl  hydride  C2H6I     Propyl  hydride  CgH?! 
or  Methane        H  /        or  Ethane  H  /        or  Propane  H  / 

By  replacing  one  of  the  hydrogen  atoms  in  the  hydrocarbon 
by  chlorine,  we  obtain  a  corresponding  chloride;  viz. : 

Monocarbon  Series.  Dicarbon  Series.  Tricarbon  Series. 

Methyl  chloride  ^^s}        Ethyl  chloride  ^^^^         Propyl  chloride  ^^^\. 

And  by  replacing  a  hydrogen  atom  by  the  monatomic  radical 
hydroxyl,  OH,  in  each  hydride,  we  obtain  an  important  class 
of  bodies  termed  alcohols : 

Monocarbon  Series.  Dicarbon  Series.  Tricarbon  Series. 

Methyl  alcohol  ^}         Ethyl  alcohol  ^||^}  Propyl  alcohol  ^gfj. 
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The  radicals,  ^methyl,  CHg,  ethyl^  C2H5,  and  propyl^  ^s^r, 
in  these  several  compounds  remain  indivisible  throughout 
all  the  derivatives,  and  give  the  peculiar  characters  to  each 
series. 

Polyvalent  Radicals. — As  in  mineral  chemistry  .we  have 

radicals  (see  p.  164),  some  of  which  are  monads,  and  some 

dyads,  triads,  or  tetrads,  so  amongst  the  carbon  compounds 

many  radicals  exist  in  which  more  than  one  combining  unit 

remains  unsaturated,  and  which  therefore  act  2lS  polyvalent 

II  II 

radicals:  thus  methylene,  CHg,  and  ethylene,   C2H4,  are 

dyads,  each  containing  two  atoms  of  hydrogen  less  than 

the  corresponding  saturated  hydrocarbon  ;  whilst  propenyl, 

III 
C3H5,  is  a  triad,  containing  three  atoms  of  hydrogen  less 

than  propyl  hydride  or  propane. 

These  radicals  may  be  represented  by  the  graphic  formulae. 

H  H  H 

I  I  I 

H— C—  H— C—  H— C— 


I 
H— C—  H— C- 


I 
H  H— C— 


H 

Methylene  Ethylene  Propenyl. 

They  give  rise  to  a  large  class  of  derivatives,  each  con- 
taining the  radical  or  group  of  carbon  and  hydrogen  atoms. 
Thus  we  have  from  the  dyad  radicals  : 

Ethylene  chloride  C2H4|^} ;  Ethylene  alcohol  CsHJ^^J. 

Propylene  chloride  CsHgjp! ;  Propylene  alcohol  CsH^q^. 

Whilst  the  triad  radical  propenyl  yields  the  following : 

Pri^ny?¥richloride.  ^'"'(ci '  Glyceror*  °'        ^'^"(Sh 

Tetrad,  pentad,  and  hexad  hydrocarbon  radicals  are  also 
known,  the  derivatives  of  which  are  of  great  importance. 

Besides  the  series  of  hydrocarbons  having  the  general 
formula  CnH2n+2,  series  are  also  known  having  the  com- 
position CnHjn  and  CgHjn— 2»  the  members  of  which  there- 
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fore  contain  respectively  two  and  four  atoms  of  hydrogen  less 
than  the  corresponding  members  of  the  first  series  with  the 
same  number  of  carbon  atoms^  as  will  be  seen  at  once  from 
the  following  table : 


CH4  Methane 

C„H,, 

CnHjn-j 

C,H0  Ethane 
CjHg  Propane 
C4H10  Butane 

CjH4  Ethylene 
C3H0  Propylene 
C4H8  Butylene 
&c. 

CjH,  Acetylene 
C,H4  Allylene 
C4Hg  Crotonylene 
&c. 

The  members  of  the  last  two  series  are  capable  of  com- 
bining directly  with  additional  atoms  of  hydrogen  and  are 
therefore  termed  "  unsaturated  "  compounds.  They  p)ossess 
the  characteristic  property  of  combining  directly  with  other 
elements  in  such  quantity  as  to  fill  up  the  vacant  combining 
powers.  Thus  ethylene  or  olefiant  gas  and  acetylene  combine 
with  chlorine  forming  the  compounds  C2H4CI2  and  C2H2CI4, 
whilst  chlorine  can  only  be  introduced  in  the  molecule  of 
ethane  by  the  simultaneous  elimination  of  hydrogen. 

The  constitution  of  the  members  of  the  C^Hj^  is  repre- 
sented by  the  following  graphic  formulae  : 

— CM)  CH3  CHg 


— CHa  — CH  CHft 

I  I 

— CH2  — CH 

I 

— CHa 

It  is  always  found  that  in  these  hydrocarbons  the  combining 
units  which  are  apparently  free  are  attached  to  adjacent 
carbon  atoms,  as  shown  in  the  above  formulae,  and  it  is 
therefore  usually  supposed  that  instead  of  the  two  combining 
units  being  actually  free,  the  two  adjacent  carbon  atoms  are 
united  by  two  instead  of  by  one  combining  unit ;  the  above 
formulae  then  become : 

CHj  CH3  CHo 

II  I  I 

CHo  CH  CHa 

II  I 

CH,  CH 

II 
CH, 
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Similarly  in  acetylene  it  is  supposed  that  the  two  adjacent 
carbon  atoms  are  imited  by  three  combining  imits,  as  in  the 

CH 
formula  III 

CH 

Carbon  monoxide,  CO,  must  also  be  regarded  as  an 
unsaturated  compound,  for  it  unites  directly  with  chlorine 
forming  COClg,  whilst  carbon  dioxide,  CO2,  forms  no  such 
additive  products. 

Fatty  Group  of  Organic  Compounds. — All  the  substances 
derived  by  addition  or  substitution  from  the  foregoing  series 
of  hydrocarbons  are  known  as  fatty  or  aliphatic  compounds, 
because  the  acids  which  occur  in  most  vegetable  and  animal 
fats  belong  to  this  series. 

Aromatic  Group  of  Organic  Compounds. — The  compounds 
belonging  to  the  aromatic  group  all  contain  a  group  of  carbon 
atoms  united  together  in  the  form  of  a  closed  chain,  or  are 
derived  from  compounds  containing  a  similar  chain  of  carbon 
atoms  and  nitrogen  or  other  atoms.  The  name  "  aromatic  " 
was  given  to  this  group,  because  those  members  which  were 
first  examined  all  possessed  an  aromatic  taste  or  smell. 

From  what  has  been  said  above  with  regard  to  the  building 
up  of  the  hydrocarbons,  and  the  substitution  of  other 
elements  or  groups  for  hydrogen,  it  will  be  seen  that  a  new 
and  perhaps  more  correct  definition  than  that  above  given  of 
organic  chemistry  is  possible,  viz.,  that  it  is  "The  Chemistry 
of  the  Hydrocarbons  and  their  derivatives." 

Like  the  inorganic  compound  radicals,  the  hydrocarbon 
radicals,  although  they  are  unaltered  in  a  large  number  of 
reactions,  may  under  suitable  conditions  undergo  alteration. 
In  many  cases  the  number  and  grouping  of  the  carbon 
atoms  remains  unaltered,  but  the  resulting  radical  is  divalent 
or  polyvalent  instead  of  monovalent.  For  example,  ethyl 
alcohol,  a  derivative  of  the  monovalent  radical  ethyl,  yields 
by  loss  of  the  elements  of  water  the  divalent  ethylene : 

C2HgO  —  H2O  =  C2H4. 

In  other  cases  the  reaction  proceeds  further,  the  group  of 
carbon  atoms  being  split  up  into  two  or  more  portions. 
Thus  succinic  acid  on  electrolysis  yields  carbon  dioxide, 
ethylene  and  hydrogen  : 

C4H«04  =  2CO2  4-  C2H4  +  Hj 
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whilst  on  heating  a  salt  of  acetic  acid  with  an  alkali  it  yields 
carbon  dioxide  and  methane  : 

C,H40,  =  CH4  +  CO, 

On  the  other  hand  many  reactions  are  known  in  which  two 
organic  radicals  combine  together  forming  compounds  which 
behave  as  derivatives  of  a  simple  radical.  Thus  by  replacing 
one  atom  of  hydrogen  in  methane  or  marsh  gas  and  by  the 
monad  methyl  group,  we  obtain,  as  already  mentioned  (p.  277) 
the  hydrocarbon  ethane,  CgH^ ;  and  if  one  of  the  hydrogen 
atoms  in  the  latter  be  replaced  by  the  ethyl  gn"oup  we  obtain 
butane,  C4Hio. 

Further  we  may  replace  one  atom  of  hydrogen  in  methane 
by  chlorine,  forming  methyl  chloride,  CH3CI,  the  chlorine  of 
which  may  in  turn  be  replaced  by  cyanogen,  CN  ;  the  com- 
pound obtained,  CH3CN, behaves  no  longer  as  a  methyl  deri- 
vative, the  carbon  atoms  being  combined  in  the  same  way  as 
in  the  ethyl  derivatives,  into  some  of  which  it  may  be  readily 
converted. 

These  examples  give  an  indication  of  the  method  by  which 
it  has  been  found  possible  to  prepare  compounds  rich  in 
carbon  from  such  as  contain  only  one  carbon  in  the 
molecule. 

Law  of  Even  Numbers, — It  is  found  that,  in  whatever 
manner  the  carbon  atoms  may  be  united  together,  the  com- 
bining units  which  remain  unsaturated  are  an  even  number  : 
from  this  and  from  the  tetravalent  character  of  carbon  it 
follows  that  the  sum  of  the  atoms  of  monad  or  triad  elements 
united  with  the  carbon  must  be  an  even  number,  whilst  the 
number  of  dyad  elements  is  not  thus  restricted. 

We  shall  first  study  the  properties  and  mode  of  formation 
of  some  of  the  most  important  members  of  the  fatty  group, 
and  then  notice  the  chief  properties  of  the  aromatic  series 
of  organic  bodies.  Before  doing  so,  it  is,  however,  necessary 
to  place  before  the  student  some  general  considerations. 
The  first  of  these  relates  to 
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Empirical  and  Constitutional  Formula, 

The  simplest  mode  of  expressing  the  composition  of  an 
organic  compound  is  to  write  down  the  number  of  the  con- 
stituent atoms  side  by  side,  thus  : 

CsHg Ethane, 

CgHjO Ethyl  alcohol, 

CjHjN Ethylamine, 

CJH4O2 Acetic  acid. 

These  expressions  represent  the  molecular  weights  of  the 
substances,  and  are  called  empirical  or  molecular  formula. 
Amongst  the  very  large  number  of  carbon  compounds,  it 
happens  not  unfrequently  that  two  or  more  organic  bodies 
possess  the  same  chemical  composition  (that  is,  they  contain 
the  same  number  of  atoms  of  the  same  elements  ifi  the 
molecule),  although  they  differ  in  their  chemical  and  physi- 
cal properties.  In  order  to  distinguish  between  these  isomeric 
bodies,  it  is  necessary  to  employ  constitutional  formulce y  for 
the  purpose  of  giving  an  idea  of  the  chemical  nature  of  the 
substances,  or  representing  the  decompositions  which  they 
undergo.  The  foregoing  compounds  can  be  represented  by 
the  following  constitutional  formulae  : 

Ethane,  CgHj.H  ;  Ethyl  alcohol,  CjHj.OH. 

Ethylamine,  CjHj.NHj ;  Acetic  Acid,  CjHgO.OH. 

This  denotes  that  the  monad  radical  CgHg  is  contained  in 
the  first  three  compounds  ;  that  alcohol  may  be  regarded  as 
water  in  which  one  atom  of  hydrogen  has  been  replaced  by 
ethyl,  and  that  ethylamine  stands  in  the  same  relation  to 
ammonia.  The  formula  for  acetic  acid  shows  that  it  may 
be  considered  to  be  alcohol  in  which  two  atoms  of  hydrogen 
are  replaced  by  one  atom  of  oxygen,  and  that  one  atom  of 
hydrogen  is  differently  placed  from  the  other  three. 

A  constitutional  formula,  may,  however,  be  of  different 
degrees  of  completeness  ;  thus,  for  instance,  it  is  frequently 
useful  to  represent  acetic  acid  by  the  formula:  (see  p.  314) — 

CH3 
CO.  OH. 
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This  signifies  that  acetic  acid  contains  two  atoms  of 
carbon  attached  together  (this  is  shown  by  the  straight 
line),  of  which  one  is  connected  with  three  atoms  of  hy- 
drogen, and  the  other  with  dyad  oxygen  O,  and  the  monad 
hydroxylOH. 

It  is  important  to  remember  that  the  formula  does  not  point 
out  the  actual  mode  in  which  the  atoms  in  the  molecule  are 
connected  together,  but  simply  indicates  the  deportment  of 
the  compound.  We  shall  in  the  future  have  frequent  occasion 
to  employ  both  empirical  and  constitutional  formulae  of  dif- 
ferent kinds  for  the  same  substance,  according  to  the  nature 
of  the  reaction  or  peculiar  property  which  we  desire  to  explain. 


Isomerism, 

Carbon  compounds  having  the  same  percentage  composi- 
tion, which  differ  in  their  chemical  and  physical  properties, 
are  said  to  be  isomeric.  The  isomerism  of  such  bodies  may 
be  due  to  several  causes  : 

(i)  Isomerism  in  the  restricted  sense  refers  to  com- 
pounds which  contain  the  same  number  of  atoms  in  the 
molecule.  In  the  series  of  hydrocarbons,  having  the 
general  formula,  C„H2„+2,  cases  of  isomerism  can  only 
arise  from  a  different  mode  of  arrangement  of  the  carbon 
atoms.  The  first  three  terms  of  this  series  do  not  possess 
any  isomerides  : 

CH3 
CH3  I 

CH4  I  CH2 

CII3  I 

CH3 

The  fourth  term,  C4H10,  is  derived  from  the  third  by  the 
replacement  of  one  atom  of  hydrogen  by  the  group  CH3; 
this  replacement  can,  however,  take  place  either  with  one  of 
the  atoms  of  hydrogen  attached  to  the  atoms  of  carbon 
lying  at  the  end  of  the  chain,  or  with  one  of  the  atoms 
of  hydrogen  attached  to  the  central  atom  of  carbon,  and  we 
thus  obtain  the  isomerides : 
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CH, 


I 


H, 


and 


CHjCH, 
CH 


CH, 

I 

GHz 
Normal  butane. 


i 


H, 


Isobatane. 


Of  the  next  term  three  isomerides  can  exist : 


CH3 
CH, 

CHj 

I 
CH, 


<!: 


H, 


Normal  pentane. 


CHjCH, 

\/ 
CH 

I 
CH, 

I 
CH, 


Isopentane. 


CH, 
CH,— C— CH, 
CH. 


Mesopentane. 


In  the  higher  members  of  this  series  the  possible  number 
of  isomerides  rapidly  increases. 

The  compounds  of  the  fatty  group  can  be  derived 
from  these  hydrocarbons  by  the  replacement  of  one  or  more 
atoms  of  hydrogen  by  other  elements  or  groups  of  atoms, 
and  according  as  this  replacement  takes  place  in  connection 
with  one  or  other  of  the  carbon  atoms,  so  will  cases  of 
isomerism  arise.  The  following  examples  illustrate  some  of 
the  more  simple  cases : 


Propyl  Iodide. 

Iso-propyl  Iodide. 

CH, 

CH, 

CH, 

CHI 

1 

CH3I 

1 
CH, 

Normal  Butyl 

Secondary  Butyl 

Fermentation             Tertiary  Butyl 

Alcohol. 

Alcohol. 

Butyl  Alcohol. 

Alcohol. 

CH3 

CH, 

CHgCH, 

1 

\/ 

CH,CH, 

CHg 

CH- 

CH 

\/ 

1 

1 

1 

C.OH 

Clio 

CHO.II 

CH^OH 

1 

1 

1 

* 

CH, 

CH,.OH 

CH, 
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Ethylene  Chloride. 
CHjCl 

CHjCl 


Ethidene  Chloride. 

CH, 
CHClj 


With  unsaturated  compounds  a  still  larger  number  of 
isomerides  is  possible,  inasmuch  as  the  hydrogen  atoms  may 
be  wanting  in  different  positions.  Isomerism  in  the  aromatic 
series  is  produced  by  the  same  causes  as  in  the  paraffin 
group  of  bodies,  and  also  by  another  cause  which  will  be 
explained  afterwards  (see  Orientation  in  the  benzene  ring). 

(2)  Polymerism, — Compounds  possessing  the  same  per- 
centage composition,  but  having  different  molecular  weights, 
are  termed  polymeric  ;  thus  a  series  of  polymeric  hydro- 
carbons is  known  which  contains  double  as  many  atoms  of 
hydrogen  as  of  carbon  : 

Ethylene CaH^ 

Propylene CsH^ 

Butylene C4H8 

Amylene ^s^io 

The  following  compounds  are  also  polymers  : 

Aldehyde C2H4O 

Paraldehyde CgHuOj 

(3)  Metamerism. — Bodies  possessing  the  same  percentage 
composition  and  the  same  molecular  weight  may  also  be 
formed  by  the  occurrence  of  different  radicals  united  into  one 
whole  by  an  atom  of  such  an  element  as  oxygen,  nitrogen, 
sulphur,  &c.,  making  up  the  same  total  number  of  atoms,  but 
giving  rise  to  different  compounds.  Out  of  the  large  number 
of  such  metameric  bodies,  the  following  may  serve  as 
examples  : 


Propylamine. 

nJ  h 

u 

opyl  Eth« 


Methylethylamine. 


N 


CgHg 
H 


Dipropyl  Ether, 

CgHy^ 
Cjl 


Methyl-amyl  Ether. 
C  Hg  \^ 


Trimethylamine. 

fCH, 

nJcHj^ 

ICH, 

Ethyl-butyl  Ether. 
CjHi 
C/ 


'4H9/ 


Butyric  Acid.         Methyl  Propionate. 
C4H70^Q  CH3      \^ 


Ethyl  Acetate.         Propyl  Formate 
Calls    \o  ^s^llo 
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LESSON  XXIX 

DETERMINATION  OF  THE  COMPOSITION  OF  CARBON 

COMPOUNDS 

I.  Organic  Analysis,  Estimation  of  Carbon  and 
Hydrogen, 

As  all  organic  compounds  contain  carbon,  and  most  of  them 
hydrogen,  the  estimation  of  these  two  constituents  becomes 
a  matter  of  importance,  and  the  method  of  analysis  remains 
nearly  the  same  for  all  organic  substances.  It  is  founded 
upon  the  fact  that  when  any  compound  of  carbon  is  heated 
to  redness  with  excess  of  oxygen,  it  undergoes  complete 
combustion,  the  carbon  being  oxidised  to  carbon  dioxide 
(carbonic  acid),  and  the  hydrogen  to  water,  so  that  by  weigh- 
ing the  quantity  of  these  two  products  obtained  by  burn- 
ing a  given  weight  of  the  substance  we  can  ascertain  the 
weight  of  carbon  and  of  hydrogen  which  the  substance 
contained. 

The  combustion  of  the  organic  compound  can  either  be 
made  in  a  current  of  pure  oxygen  gas,  or  by  mixing  the  body 
with  pure  copper  oxide  (CuO),  which  readily  parts  with  its 
oxygen  to  hydrogen  or  carbon  at  a  red  heat,  the  products 
of  combustion  in  either  method  being  carefully  collected  and 
weighed.  The  method  formerly  adopted  and  still  used  to 
some  extent  is  as  follows  :  A  weighed  quantity  (generally 
about  0*3  gram)  of  the  solid  substance  about  to  be  analysed 
by  means  of  copper  oxide  is  brought  into  a  combustion  tube 
made  of  hard  Bohemian  glass  (AA,  Fig.  70),  about  50  to  60 
centimeters  in  length,  and  drawn  out  at  one  end  to  a  fine 
point,  and  open  at  the  other.  Before  the  introduction  of  the 
substance,  a  quantity  of  pure  and  perfectly  dry,  freshly- 
ignited,  granulated,  copper  oxide  is  brought  into  the  tube 
sufficient  to  fill  about  one  quarter  of  its  length,  and  the 
Substance  is  well  mixed  with  this  oxide  by  means  of  a 
brass  wire  (B,  Fig.  70) ;  fresh  oxide  is  then  added,  the  brass 
wire  being  well  cleaned  from  every  possible  trace  of  the 
adhering  substance,  until  the  tube  is  nearly  filled. 

The  apparatus  intended  to  collect  the  water  produced  is 
now  attached  to  the  open  end  of  the  tube  by  means  of  a  well- 
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fitting  dry  cork  :  it  consists  of  a  tube  (c),  filled  with  porous 
pieces  of  calcium  chloride,  and  accufateiy  weighed  ;  this 
substance  effectually  absorbs  all  the  water  and  aqueous 
vapour  formed  in  the  combustion ;  the  carbon  dioxide 
passes  though  the  tube  unabsorbed,  and  bubbles  into  a 
solution  of  strong  caustic  potash  contained  in  the  bulb 
apparatus  (d),  attached  lo  the  drying  tube  hy  a  well-fitting 
caoutchouc  joint  (e).  Connected  with  the  potash-buiba 
and  weighed  with  them  is  another  small  drying  tube  (not 
shown  in  the  figure)  for  the  purpose  of  preventing  any 
escape  of  moisture  from  the  potash  solution.  The  increase 
in  weight  of  the  drying  tube  (c),  and  of  the  potash-bulbs  (d) 
gives  respectively  the  weight  of  water  and  carbon  dioxide 
produced. 
The  combustion  tube  is  placed  in  a  long  furnace,  so  that 


it  can  be  gradually  heated  to  redness  ;  this  is  most  readily 
effected  by  a  number  of  gas  burners  arranged  in  line,  so 
that  each  part  of  the  tube  can  be  gradually  and  separately 
heated  (f).  A  large  number  of  small  burners  is  placed  under 
the  part  of  the  tube  containing  the  substance,  in  order 
that  the  combustion  may  be  more  accurately  regulated. 
After  the  whole  arrangement  lias  been  shown  to  be  properly 
air-tight,  the  part  of  the  tube  near  the  cork,  containing  only 
pure  copper  o.tide,  is  heated;  and  when  a  length  of  15-30 
centimeters  of  it  is  red  hot,  the  part  of  the  lube  containing 
the  substance  is  gently  heated,  until  bubbles  of  carbonic 
acid  are  seen  slowly  to  enter  the  potash-bulbs  ;  and  the 
heat  is  applied  so  that  this  slow  disengagement  of  car- 
bonic acid  continues  imtil  the  whole  of  the  substance  is 

When  the  gas  ceases  to  come  off,  the  whole  length  of  the 


tube  is  strongly  healed  for  some  minutes,  and  as 
s  the  potash  solution  begins  to  pass  back 


into  the  bulb  n 
to  the  absorptio 
out  end  of  tlic 
extinguished  a 
air  passed  for  s 
apparatus  by  n 


t  the  combustion-tube  (owing 
n  of  the  carbonic  acid),  the  drawn- 
^  tube  is  broken,  the  gas  flames 
t  the  end  of  the  furnace,  and  dry 
ne  minutes  through  the  whole 
s  of  an  aspirator.  This  opera- 
s  necessary,  in  order  to  collect  in  the  potash 
the  carbonic  acid  which  still  remains  in  the  com- 
bustion-tube. As  soon  as  this  is  finished,  the 
analysis  is  complete  with  the  exception  of  weigh- 
ing the  drying-tube  and  potash-bulbs.  Many 
precautions  must  be  taken,  and  much  attention 
to  details  must  be  paid  in  order  to  ensure 
organic  analysis  :  for  an 
I  of  these  the  larger  manuals  must 
be  consulted. 

If  the  substance  under  examination  is  a  liquid, 
it  is  sealed  up  in  a  small  weighed  glass-bulb 
drawn  out  to  a  fine  point  ;  this  is  again  weighed, 
the  point  broken  off,  and  the  bulb  dropped  into 
the  combust  ion -tube,  and  the  operation  conducted 
as  above  described.  When  nitrogen  is  contained 
in  the  body  about  to  be  analysed,  it  is  necessary 
to  place  a  spiral  of  copper  gauze  in  the  front 
part  of  the  tube  to  decompose  any  nitrous  fumes 
which  are  formed  and  would  be  absorbed  by  the 
potash,  and  thus  impair  the  result. 

The  method  above  described  is  that  employed 
by  Liebig.  At  the  present  lime  a  modified  form 
of  apparatus  is  usually  employed,  which  allows  a 
series  of  analyses  to  be  made  one  after  the  other 
without  disturbing  the  copper  oxide  (Fig.  71,  72J. 
The  tube  employed  (Fig.  71),  is  open  at  belli 
ends,  and  is  filled  in  the  following  manner  :  at  the 
right -handend  a  space  of  1 5-20  cm.  isleft  freefor  the 
introduction  of  metallic  copper  if  the  substance 
to  be  analysed  contains  nitrogen,  and  the  tube 
then  filled  for  about  25-30  cm.  with  granulated 
copper  oxide,  which  is  retained  in  its  position  by 


tci 
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plugs  of  asbestos,  or  better,  by  small  rolls  of  copper  gauze. 
In  front  of  the  copper  oxide  is  placed  a  platinum  or  porcelain 
boat  containing  a  weighed  amount  of  the  substance  to  be  an- 
alysed, and  then  a  spiral  of  oxidized  copper  gauze  about  lo  cm. 
in  length.  The  left-hand  end  of  the  tube  is  connected  with 
the  drying  apparatus  (Fig.  72  A)  by  means  of  which  a  current 
of  pure  air  or  oxygen  gas  can  be  passed  continually  over  the 
heated  substance.  The  aspirator  (B)  is  placed  in  front  of  the 
potash  bulbs  to  remove  pressure  from  the  apparatus. 

When  all  is  ready  and  the  column  of  copper  oxide  well 
heated,  the  burners  under  the  oxidized  copper  spiral  are 
lighted,  and  afterwards  those  under  the  platinum  boat  gradu- 
ally turned  on,  and  at  the  same  time  a  current  of  oxygen  passed 
through  until  the  whole  of  the  substance  is  completely  burned. 
The  oxygen  in  the  tube  and  potash-bulbs  is  then  driven  out 
by  a  current  of  dry  air,  and  the  drying  tube  and  potash-bulbs 
weighed  as  before.  As  soon  as  the  front  part  of  the  furnace 
has  cooled  down,  another  portion  of  substance  can  be  intro- 
duced and  analysed. 

In  place  of  potash-bulbs,  tubes  containing  granulated 
soda-lime  are  frequently  employed  with  satisfactory  results. 

2.  Determination  of  Nitrogen. — Many  nitrogenous  organic 
bodies,  when  heated  with  caustic  soda,  or  potash,  yield  the 
whole  of  the  nitrogen  which  they  contain  in  the  form  of 
ammonia.  This  evolution  of  ammonia  is  easily  rendered 
evident  by  heating  a  small  piece  of  cheese  with  solid  caustic 
soda.  Upon  this  reaction  a  method  is  based  for  determin- 
ing the  quantity  of  nitrogen  in  organic  bodies  :  it  consists 
simply  in  heating  a  given  weight  of  substance  with  a  mix- 
ture of  caustic  soda  and  quicklime  in  a  tube,  collecting  in 
hydrochloric  acid  the  ammonia  formed,  and  estimating  the 
weight  of  ammonium  chloride  produced  by  weighing  as 
double  platinum  salt.  For  every  100  parts  by  weight  of 
this  salt  obtained  the  substance  contains  6*35  parts  of 
nitrogen. 

In  many  cases,  however,  this  method  is  not  applicable, 
and  the  nitrogen  is  now  generally  determined  by  heating 
the  substance  with  copper  oxide.  A  tube  is  filled,  as 
described  on  p.  288,  and  the  air  expelled  by  passing 
carbon  dioxide  through  the  tube.  The  latter  is  then 
heated,    and   the   gases  produced    passed    over    metallic 
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copper.  All  the  nitrogen  comes  off  in  the  gaseous  form, 
and  may  be  easily  purified  by  caustic  potash  from  the 
carbonic  acid  also  evolved ;  and  thus  the  volume  of 
nitrogeti  obtained  can  be  accurately  measured.  From  this 
volume,  measured  under  given  circumstances  of  temperature 
and  pressure,  the  weight  of  the  nitrogen  can,  of  course,  be 
calculated. 

3.  Chlorine,  bromine  and  iodine  when  present  in  organic 
substances  are  usually  determined  by  healing  the  compound 
in  a  sealed  tube  at  150-250'  with  pure  concentrated  nitric 
acid  and  silver  nitrate,  when  all  the  halogen  is  obtained  as 
the  insoluble  silver  salt.  The  pressure  in  these  tubes  is  very 
great,  and  they  must  therefore  be  heated  in  the  apparatus 
shown  under  ethane.  (Fig.  76).  In  some  cases  it  is  pre- 
ferable to  heat  the  substance  with  pure  quicklime,  dissolve 
the  product  in  nitric  acid,  and  precipitate  with  silver 
nitrate.  Sulphur  and  phosphorus  are  determined  by  heating 
the  organic  body  with  a  mi.tturc  of  pure  nitre  and  sodium 
carbonate,  placed  in  a  tube  ;  sulphuric  and  phosphoric  acids 
are  formed  and  estimated  in  the  usual  manner. 

Sulphur  may  also  be  determined  by  heating  the  substance 
in  a  sealed  tube  with  nitric  acid,  and  precipitating  the 
sulphuric  acid  formed  with  barium  chloride. 

4-  Oxygen  is  usually  obtained  by  difference^that  is,  by 
subtracting  the  sum  of  the  weights  of  all  the  constituents 
which  have  been  directly  determined,  from  the  weight  of 
substance  taken ;  several  direct  methods  for  the  estima- 
tion of  oxygen  have  been  proposed,  but  these  are  not  often 

5.  Determinalian  of  the  Molecular  Weight  of  an  Organic 
Compound. 

The  above  method  of  analysis  gives  us  the  percentage 
composition  of  the  substance,  and  ihe  relation  between  the 
number  of  atoms  of  carbon,  hydrogen^  oxygen,  &c.,  contained 
in  the  compound,  but  we  need  to  make  a  further  determina- 
tion in  order  to  know  S^a  formula  and  the  molecular  weight 
of  the  body.  Thus,  in  an  analysis  of  glacial  acetic  acid,  0-395 
gram  of  substance  was  found  to  yield  o'5So  gram  of  carbonic 
acid,  and  d'235  gram  of  water  \  hence  100  parts  of  glacial 
tic  ncid  consist  of 
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Carbon  ....  40*0 
Hydrogen  .  .  .  6'6 
Oxygen  ....  53*4    (by  difference) 

100*0 


If  we  divide  these  numbers  respectively  by  the  combin- 

97 


ing  weights  of  carbon,  hydrogen,  and  oxygen,      .      =  3*3, 


6*6  c^'A. 

—  —  6*6,  and  ^^\  =  3*3,  we  obtain  the  relation  between  the 
I  15*96 

combining  weights  of  these  constituents  present.   Thus  we  see 

that  the  number  of  atoms  of  carbon  and  oxygen  is  equal 

whilst  that  of  hydrogen  is  twice  as  large  :  the  composition  of 

acetic  acid  is  therefore  represented  by  CnHjnOn,  but  we  do 

not  know  whether  the  true  formula  is  CH2O,  C2H4O2,  or 

CgHgOj,  or  whether  it  contains  a  still  higher  number  of 

carbon  atoms.     In  order  to  decide  this  point,  and,  therefore, 

to  determine  the  molecular  weight  of  the  substance,  we  must 

endeavour  to  find  a  compound  of  it  with  some  well-known 

element  (such  as  silver),  in  which  one  atom  of  hydrogen  is 

replaced  by  one  atom  of  silver.     On  examination  we  find 

that  only  one  compound  of  silver  and  acetic  acid  exists ; 

and  we  find  by  experiment  that  100  parts  of  silver  acetate 

contain  64*68  parts  by  weight  of  silver ;  hence,  the  weight 

of  the  carbon,  hydrogen,  and  oxygen,  united  with  silver 

(Ag=  107*66),  is         /:  .fJ —  =58*8.     In  this  silver  acetate, 

however,  one  atom  of  hydrogen  of  the  glacial  acid  was 

replaced  by  one  of  silver,  so  that  the  molecular  weight  of 

the  glacial  acetic  acid  is  found  to  be  588+ 1  =  59*8,  or  its 

formula  is  : 

2C  =  23-94 

4H=   4 
2O  =  31*92 


59*86 


The  slight  difference  observed  between  the  found  (59*8) 
and  the  calculated  (59*86)  molecular  weight  arises  from 
unavoidable  errors  of  experiment ;  the  larger  the  number 
of  analyses  of  the  substance  is  made,  the  nearer  will  the 
mean  result  approach  to  the  calculated  numbers. 
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In  a  similar  manner  the  molecular  weights  of  organic  bases 
are  determined  by  ascertaining  the  weight  of  the  substance 
which  unites  with  a  known  weight  of  hydrochloric  acid  to 
form  a  salt.  In  the  case  of  certain  organic  acids  and  bases, 
two  or  more  compounds  containing  different  proportions  of 
silver  (or  other  metal)  and  hydrochloric  (or  other)  acid  are 
known,  and  it  becomes  a  matter  for  consideration  which  of 
these  is  to  be  taken  as  containing  one  molecule  of  the  organic 
compound  to  one  atom  of  metal  or  acid :  the  choice  in 
these  cases  is  determined  by  a  consideration  of  the  general 
properties  of  all  the  compounds.  The  latter  method  of 
decision  also  applies  to  many  other  bodies,  such  as  sugar, 
turpentine,  &c.,  which  do  not  readily  enter  into  combination 
with  a  metal  or  an  acid. 

There  is  one  most  important  property  by  which  the  mole- 
cular weight  of  volatile  organic  bodies  can  be  ascertained, 
viz.  the  density  or  specific  gravity  of  their  vapours.  We 
have  already  seen  that,  in  the  case  of  the  majority  of  gaseous 
and  volatile  inorganic  compounds,  Avogadro's  hypothesis, 
which  states  that  equal  volumes  of  all  gases  contain  the  same 
number  of  molecules,  may  be  used  to  determine  the  molecular 
weights  of  these  compounds.  The  vapour  density  of  water  is 
8*98,  i,e,  the  weights  of  equal  volumes  of  water-vapour  and 
hydrogen,  under  like  conditions  of  temperature  and  pressure, 
will  be  as  8*98  :  i.  Now,  as  these  volumes  contain  an  equal 
number  of  the  molecules  of  these  bodies,  the  weight  of  the 
molecule  of  water  must  be  8*98  times  the  weight  of  the 
molecule  of  hydrogen.  The  weight  of  a  molecule  of  hydrogen 
is  assumed  to  be  2,  and  is  represented  by  the  formula  Hj,  so 
that  the  weight  of  a  molecule  of  water  is  17*96,  or  2  X  8'98. 
By  a  similar  process  of  reasoning  the  molecular  weight  of 
ammonia  can  be  shown  to  be  1 7.  What  is  true  of  these  simple 
compounds  in  the  gaseous  state  is  true  also  of  the  more 
complex  organic  compounds  under  like  conditions ;  and 
therefore,  to  determine  the  molecular  weight  of  a  volatile 
organic  compound,  all  that  is  required  is  to  determine  its 
vapour  density,  />.  the  number  of  times  a  given  volume  of 
this  substance  in  the  gaseous  state  is  heavier  than  an  equal 
volume  of  hydrogen,  to  multiply  the  vapour  density  by  two, 
and  obtain  in  this  way  the  molecular  weight  of  the  compound. 

The  experimental  determination  of  the  vapour  densities  of 


XXIX  VAPOUR  DENSITY  295 

organic  compounds  thus  becomes  an  important  matter;  for 
instance,  the  density  of  the  vapour  of  acetic  acid  is  found 
by  experiment  to  be  30*07  (H  =  i);  and  this  accordingly  gives 
a  molecular  weight  to  acetic  acid  of  60*14,  a  number  agreeing 
with  that  obtained  from  purely  chemical  considerations  (see 
anie^  p.  293\ 

Another  example  may  serve  to  render  evident  the  import- 
ance of  this  relation  :  the  combustion  of  acetal  shows  that 
the  simplest  relation  of  its  constituent  atoms  is  represented 
by  the  formula  C3H7O  ;^  the  determination  of  vapour  density, 
however,  gives  the  number  59*8  as  the  density  of  acetal  gas  : 
hence  the  molecular  weight  of  acetal  must  be  59*8  X  2,  and 
its  formula  not  C3H70  =  58*87,  but  CeHi402  =11774.  It  is, 
of  course,  possible,  when  the  molecular  weight  of  a  compound 
has  been  otherwise  ascertained,  to  calculate  its  vapour  den- 
sity ;  this  calculated  density  will  always  differ  slightly  from 
that  determined  by  experiment,  owing  to  the  unavoidable 
errors  which  occur  :  this,  however,  does  not  detract  from  the 
value  of  this  method  of  controlling  the  molecular  formula  of 
a  substance. 


DETERMINATION  OF  VAPOUR  DENSITY. 

Two  methods  are  employed  for  determining  the  vapour 
density  of  a  compound,  (i)  By  ascertaining  the  weight  of  a 
given  volume  of  vapour.  (2)  By  ascertaining  the  volume  of 
a  given  weight  of  vapour.  In  the  first  of  these  processes,  a 
thin  glass  globe  is  employed  of  about  200  to  300  cubic  centi- 
meters in  capacity,  having  a  finely  drawn-out  neck ;  the 
exact  weight  of  the  globe  weighed  in  air  and  filled  with  dry 
air  at  a  certain  temperature  and  under  an  observed  pressure 
having  been  found,  a  small  portion  of  the  substance  whose 
density  is  to  be  determined  is  brought  inside,  and  the  globe 
then  heated  by  plunging  it  into  a  water-  or  oil-bath  (Fig. 
73)  raised  to  a  temperature  much  above  the  boiling-point 
of  the  substance.    As  soon  as  the  vapour  has  ceased  to  issue 

1  We  see  that  as  this  formula  contains  an  uneven  number  of  hydrogen  atoms 
the  existence  of  such  a  substance  is  impossible  :  we  know  that  the  true  formula 
must  be  a  multiple  of  this,  which  multiple  we  decide  by  the  vapour  density. 
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from  the  end  of  the  neck,  this  end  is  hermetically  sealed 
before  a  blowpipe,  and  the  exact  temperature  as  well  as 
barometric  pressure  observed.  The  bulb  thus  filled  wiili 
vapour  is  allowed  to  cool,  and  is  next  accurately  weighed, 
and  the  point  of  the  neck  broken  under  mercury  ;  the 
mercury  rushes  into  the  globe,  owing  to  the  vapour  being 
condensed,  and,  if  the  experiment  has  been  well  conducted, 
completely  fills  it.  From  the  volume  of  mercury  which  thus 
enters,  the  capacity  of  the  globe  is  obtainetl. 


We  have  now  all  luc  u.na  necessary  for  the  determina- 
tion. In  the  first  place  we  have  to  find  the  weight  of  ihe 
given  volume  of  the  vapour  under  certain  circumstances  of 
temperature  and  pressure,  and  we  then  have  to  compare  this 
with  the  weight  of  an  equal  volume  of  hydrogen  gas  measured 
under  the  same  circumstances.  Thefollowingevampleof  the 
calculation  of  the  vapour  density  of  a  volatile  hydrocarbon 
may  serve  to  illustrate  the  method  :  weight  of  globe  filled 
with  dry  air  at  155",  23'^9  grams;  weight  of  globe  filled 
with  vapour  at  iio",  23710  grams;  capacity  of  the  globci 
178  cc.  As  the  barometric  column  (760  mm.)  underwent  no 
change  from  the  beginning  to  the  end  of  the  experiment,  no 
correction  for  pressure  is  necessary.  In  order  to  get  the 
weight  of  the  vacuous  globe,  theweight  of  air  contained  must 
be  deducted  from  the  weight  of  globe  in  air.  Now  I  cc.  of 
air  at  0°  and  760  mm.  weighs  o'ooi  293  gram,  and  178  cc.  of 
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weight  of  this  air  is  o'2t8  gram  ;  hence  the  weight  of  the 
vacuous  bulb  is  23'23i,  and  the  weight 
of  vapour  23720-23*23I=d-4.89  gram. 
We  must  now  find  what  178  cc.  of 
hydrogen  at  110°  will  weigh  ;  1000  cc. 
of  hydrogen  at  o"  weigh  0-0896  gram  ; 
178  cc.  at  100"  will  contract  to  126-9 
cc.  at  0°.  i25'g  cc.  of  hydrogen  at  0° 
weigbo'oii37  gram;  and  this  is  there- 
fore the  weight  of  178  cc.  of  hydrogen 

at  no".  Hence  ^^^=  43-01  is  the  al 
density  of  the  vapour,  as  found  by 
experiment.  The  molecular  weight  of 
the  substance  therefore  is  B6.  In 
this  example  many  minor  corrections, 
such  as  the  expansion  of  the  glass 
globe,  the  error  of  the  mercurial  ther- 
mometer, &c.,  are  not  considered  ;  the 
above  method  gives  results  which  are 
sufficiently  accurate  when  the  object  is 
to  control  the  molecular  weight  of  a  com- 
pound. 

The  second  method  of  vapour  density 
determination  consists  in  ascertaining 
the  volume  occupied  by  a  given  weight 
of  substance  when  heated  up  to  a  tem- 
perature considerably  above  its  boiling- 
point.  The  mode  of  calculation  is  in 
principle  the  same  as  that  of  the  former 
method. 

Another  process,  simpler  than  either  of 
the  foregoing,  known  as  Victor  Meyer's 
method,  is  conducted  as  follows ;  the 
glass  vessel  (i),  Fig.  74),  filled  with  air, 
is  healed  by  the  vapour  of  water,  or 
other  liquid,  placed  in  the  bulb  tube  (r), 
until  no  more  air  is  observed  to  pass  out 
of  the  gas-delivery  lube  (n).     The  cork  {./)  i 
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and  the  weighed  quantity  of  the  substance  whose  vapour 
density  is  required  is  dropped  into  the  tube  (b\  the  cork 
quickly  inserted,  and  the  displaced  air  collected  in  a  gradu- 
ated tube.  From  the  volume  of  this  air  the  vapour  density 
can  readily  be  calculated.  For  the  details  of  manipulation 
the  reader  must  refer  to  the  larger  manuals. 

Another  method  of  determining  the  molecular  weight, 
known  as  Raoult's  method,  has  of  late  been  much  employed, 
especially  for  compounds  which  cannot  be  volatilized  without 
decomposition.  It  depends  upon  the  following  hypothesis  : 
"  Solutions  of  different  substances  in  the  same  liquid,  and 
containing  in  the  same  volume  an  equal  number  of  molecules 
of  the  dissolved  substance  have  the  same  freezing-point/ 
The  amount  by  which  the  freezing-point  is  lowered  depends 
therefore  upon  the  molecular  weight  of  the  dissolved 
substance  ;  having  once  determined  how  much  the  freezing- 
point  of  a  solvent  is  lowered  by  the  addition  of  certain 
quantities  of  substances  of  known  molecular  weight,  we 
can  ascertain  approximately  the  molecular  weight  of  an 
unknown  substance  by  finding  what  lowering  of  the  freezing- 
point  a  given  weight  of  it  causes  in  that  solvent.  The  results 
obtained  are  not  so  reliable  as  those  obtained  from  the  vapour 
density,  but  the  method  has  proved  very  valuable  when  the 
latter  cannot  be  ascertained. 


Boiling-Point  and  Fractional  Distillation, 

Another  important  physical  constant  of  organic  compounds 
is  the  boiling-point.  Every  volatile  chemical  compound  has, 
under  given  circumstances  of  pressure,  a  fixed  and  constant 
boiling-point ;  and  this  property  is  useful  in  ascertaining  the 
purity  of  an  organic  liquid,  as  well  as  enabling  us  to  separate 
the  constituents  of  a  mixture  by  means  of  fractional  or  con- 
tinued distillation.  The  boiling-point  of  fhe  homologous 
series  of  hydrides,  alcohols,  chlorides,  &c.  (p.  279),  rises  with 
the  increase  of  carbon,  and  frequently  proportionally  to  this 
increase,  although  no  general  law  connecting  boiling-point 
and  chemical  composition  can  be  expressed.  The  arrange- 
ment used  in  the  separation  of  liquids  boiling  at  different 
points  by  means  of  fractional  distillation  is  represented  in 
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Fig.  7;.  The  large  surface  presented  by  the  ivide  tube  in 
whiclithebulb  of  the  thermometer  is  placed  allows  the  vapour 
of  the  less  volatile  constituents  to  condense  and  fiow  back 
into  the  flask  containing  the  mixture  ;  the  temperature  of  the 
vapour  is  indicated  by  the  thermometer,  and  as  the  tempera- 
ture rises  beyond  a  given  point,  say  from  s°  to  5°,  the  liquid 


t 


already  distilled  over  is  removed  and  an  empty  flask  substi- 
tuted to  collect  the  portion  (jfliquidnext  coming  over.  Each 
of  these  portions  is  next  sepurately  submitted  to  the  same 
operation,  and  the  process  repeated  until  a  pure  substance 
with  a  constant  boiling-point  is  obtained. 

Many  substances  which  undergo  decomposition  when 
boiled  under  the  ordinary  atmospheric  pressure,  can  he  dis- 
tilled unchanged  if  the  pressure  is  reduced.  Hence  sub- 
lust  frequently  be  fractionated  ii 
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LESSON  XXX 

CYANOGEN,  CARBONYL,  AND  THIO-CARBONYL 

COMPOUNDS. 

Cyanogen  Series, 

We  have  already  seen  (p.  95)  that  a  series  of  compounds 
exists  containing  a  monad  radical,  CN,  called  Cyanogen,  The 
followinoj  are  some  of  the  most  important  of  the  cyanogen 
compounds : 

Hydrocyanic  Acid,  H.CN.  Cyanic  Acid,  HO.CN. 

Cyanogen  Gas,  CN.CN.  Thiocyanic  Acid,  HS.CN. 

Cyanogen  Chloride,  Cl.CN  Cyanamide  NC.NHj. 

The  cyanogen  compounds  may  also  be  considered  as 
derivatives  of  ammonia,  and  further,  this  group  is  also  con- 
nected with  other  series  of  bodies  as  the  oxalic  and  formic 
acids,  &c.  The  cyanogen  compounds  are  remarkable  for 
forming  series  of  polymeric  modifications  :  thus  we  have 
liquid  cyanogen  chloride,  CNCl,  and  solid  cyanogen  chloride, 
C3N3CI3;  cyanic  acid,  HO.CN,  and  cyanuric  acid, 
H3O3C3N8. 

Cyanogen  Gas,  Dicyanogen,  CN.CN. — This  substance  is 
obtained  by  heating  mercury,  gold,  or  silver  cyanide  ;  it 
is  found  in  small  quantities  in  the  gases  of  the  iron  blast 
furnace.  Its  properties  have  already  been  mentioned  (p.  97). 
It  is  also  formed  by  the  action  of  heat  on  oxamide,  and  am- 
monium oxalate,  thus : 

OC.NH2        HoO       CN 

I  =     +     +    I 

OC.NH2        H2O        CN 

and 

OC.ONH4      2HaO         CN 

I  =      +        +      I 

OC.ONH4       2H2O        CN 

and  is  thus  connected  with  the  oxalic  group,  as  cyanogen  is 
oxamide,  minus  two  molecules  of  water,  and  is  the  nitrile 
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of  oxalic  acid.  Cyanogen  gas  forms  with  potash  a  mixture 
of  potassium  cyanide  and  cyanate,  just  as  chlorine  forms 
a  mixture  of  potassium  chloride  and  hypochlorite  (comp, 
p.    105). 

Hydrocyanic  Add,  or  Prussic  Add,  HCN.  -  Hydrocyanic 
acid  is  formed  by  the  direct  union  of  nitrogen  and  acetylene 
when  a  series  of  electric  sparks  is  passed  through  a  mixture 
of  these  gases  : 

N,  +  CjH,  =  2HCN. 

and  also  by  the  action  of  the  silent  electric  discharge  on 
a  mixttire  of  cyanogen  gas  and  hydrogen  : 
C,Ns  +  H,  ^  2HCN. 

The  ordinary  mode  of  preparation  and  chief  properties  of 
this  substance  have  already  been  mentioned.  This  acid 
easily  undergoes  decomposition,  and  cannot  therefore  be 
kept  for  a  length  of  time  either  in  the  pure  state  or  in 
aqueous  solution.  It  yields  in  the  latter  case  ammonium 
formate,  thus  ; 

HCN  +  zH,0  =  HCO.ONH^ ; 
as  aceto-nitrile  yields  acetic  acid  {Lesson  XXXIII.),  and 
hydrocyanic  acid  is  therefore  the  nitrile  of  formic  acid.  With 
chlorine  and  bromine  it  yields  cyanogen  chloride  and  bromide. 
The  best  method  of  detecting  hydrocyanic  acid  is  founded  on 
the  formation  of  Prussian  blue.  To  the  liquid  containing  the 
acid  a  few  drops  of  a  ferrous  and  a  ferric  salt  are  added, 
then  excess  of  caustic  soda,  and  lastly,  an  excess  of  hydro- 
chloric acid  :  the  formation  of  a  deep  blue  liquid,  from  which 
a  deep  blue  precipitate  separates  either  at  once  or  after  a 
little  time,  indicates  the  presence  of  hydrocyanic  acid.  The 
presence  of  this  substance  may  also  be  recognised  by  eva- 
porating some  of  the  solution  on  a  watch-glass  with  ammo- 
nium sulphide  to  dryness  on  a  water-bath  ;  on  adding  a  drop 
of  ferric  chloride,  a  deep  red  coloration  of  ferric  thiocyanate 
Is  produced,  if  hydrocyanic  acid  be  present. 

The  simple   metallic  cyanides  are  formed  by  the  direct 
action  of  hydrocyanic  acid  upon  a  metallic  oxide  :  in  addition 
;o  these  a  large  number  of  double  cyanides  is  known. 
Potassium  Cyanide,  KCN.   is  formed  when  potassium  is 
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burnt  in  cyanogen  or  in  hydrocyanic  acid  gas,  or  when  potash 
is  added  to  aqueous  hydrocyanic  acid.  It  is  prepared  on  a 
lai^ge  scale  by  fusing  potassium  ferrocyanide  either  alone  or 
with  potassium  carbonate.  The  iron  is  in  the  latter 
case  separated,  and  potassium  takes  its  place.  Potassium 
cyanide  is  a  white  salt,  very  soluble  in  water  and  hot 
alcohol ;  it  fuses  easily  without  decomposition,  and  acts  as  a 
violent  poison.  Potassium  cyanide  is  used  iYi  photography 
for  dissolving  the  unaltered  silver  salts,  forming  a  soluble 
double  salt,  KCN  +  AgCN  ;  also  in  still  greater  quantity  in 
the  art  of  elcctrotyping  in  gold  and  silver,  serving  as  a 
solvent  for  these  metals,  the  above  double  salt  and  the 
corresponding  gold  compound  being  formed.  The  sodium 
and  ammonium  cyanides  are  also  soluble,  very  poisonous 
salts. 

Mercuric  Cyanide^  Hg.(CN)2,  is  a  soluble,  easily  crystal- 
lisable  salt,  formed  by  dissolving  mercuric  oxide  in  aqueous 
hydrocyanic  acid.  When  heated  it  decomposes  into  gaseous 
cyanogen  (CN)2,  mercury,  and  a  brown  substance  polymeric 
with  cyanogen  gas,  and  called  Paracyanogen, 

The  other  simple  cyanides  are  insoluble  in  water  ;  amongst 
the  most  important  are  the  white  silver  cyanide,  and  the 
brownish-red  copper  cyanide.  In  writing  the  formulae  of 
these  compounds,  it  is  frequently  useful  to  express  cyanogen 
by  the  symbol  Cy. 

Compound  Cyanides, 

Amongst  the  numerous  compound  cyanides,  those  of 
potassium  and  iron  are  the  most  important :  in  these  the 
cyanogen  residues  are  contained  in  combination  in  a  dif- 
ferent mode  to  that  in  the  ordinary  cyanides,  viz.  in  the 
fomi  of  tricyanogen  C3N3,  instead  of  cyanogen  CN. 
Further,  it  is  to  be  noted  that  the  union  of  the  cyanogen  or 
tricyanogen  groups  to  metals  very  frequently  alters  many  of 
the  ordinary  tests  and  reactions  of  those  metals ;  thus  from 
the  compound  cyanides  of  potassium  and  iron,  the  latter 
metal  is  not  precipitated  by  ammonia  or  by  ammonium 
sulphide.  Similar  compounds  are  formed  by  cobalt  and  a 
few  other  metals.  These  bodies  may  be  represented  as  con- 
taining a  metallo-organic  radical,  since  the  cyanogen  groups 
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are  very  intimately  united  with  the  metallic  residue,  and  can 
only  be  separated  by  the  use  of  powerful  reagents. 

Potassium  Ferrocyanide,  KjFejCCjNjl,  +  eHjO.— This 
salt,  commonly  caWci  yellow  prussiaU  of  potash,  is  made  on 
a  large  scale  by  heating  nitrogenous  organic  matter  with 
caustic  potash,  and  adding  freshly  precipitated  ferrous  car- 
bonate  to   the   solution   of    potassium    cyanide    thus    ob- 

laKCN  +  aFeCOj  =  KbICjNjJjFcj  +  2K,C0j. 

On  evaporating  the  solution,  large  yellow  quadratic  crystals 
of  potassium  ferrocyanide,  containing  siit  molecules  of  water 
of  crystallization,  are  deposited.  It  acts  as  a  mild  pui^ative 
and  is  not  poisonous.  When  heated  strongly,  it  yields 
potassium  cyanide  and  iron  carbide,  and  when  treated  with 
dilute  sulphuric  acid,  hydrocyanic  acid  is  formed.  By  the 
action  of  strong  and  hot  sulphuric  acid,  the  salt  is  decom' 
posed,  and  carbonic  oxide  gas  evolved  ;  thus : 


Ferrous  salts  produce  with  solutions  of  this  salt  a  white 
precipitate  which  quicklj'  becomes  blue  on  exposure  to  air. 
Ferric  salts  produce  a  deep  blue  precipitate  of  Soluble 
Prussian  Bine,  Ys^K^iC^^i ;  this  substance  is  insoluble  in 
saline  solutions,  but  dissolves  in  pure  water  with  a  deep 
blue  colour.  In  this  liquid  an  aqueous  solution  of  a  ferrous 
salt  produces  a  deep  blue  precipitate  of  Insoluble  Prussian 
Blue,  YCinifZ^^^.  This  valuable  pigment  is  manufactured 
on  the  large  scale  by  precipitating  yellow  prussiate  of  potash 
with  ferrous  sulphate  fereen  vitriol)  which  has  been  exposed 
to  the  air,  and  then  washing  the  precipitate  with  chlorine 
water.  Potassium  ferrocyanide  gives  with  solutions  of 
copper  salts  a  chocolate-coloured  precipitate  of  copper 
ferrocyanide,  CuiFcjCyij. 

Hydrogen  Ferrocyanide, ax  Ferrocvanic  Aeid,'\^^f!4f^^^^ 
—This  acid  is  formed  by  adding  hydrochloric  acid  to  a  strong 
solution  of  potassium  ferrocyanide;  it  separates  as  a  white 
crystalline  powder.  It  acts  as  a  strong  acid,  and  is  octobasic, 
forming  a  series  of  salts  in  which  the  eight  atoms  of  hydrogen 
of  the  acid  are  replaced  by  an  equivalent  amount  of  metal. 
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Potassium  Ferricyanide,  K^e^{Qjt^^^. — This  salt,  also 
called  red  prussiate  of  poiash^'is  obtained  by  passing  chlorine 
gas  through  a  solution  of  the  yellow  prussiate,  which  thus  loses 
two  atoms  of  potassium.  The  action  must  be  allowed  to  con- 
tinue until  a  drop  of  solution  produces  no  blue  precipitate 
with  a  ferric  salt  On  evaporation,  the  salt  separates  out  in 
deep  red  prismatic  crystals. 

By  acting  with  potassium  amalgam  on  an  aqueous  solution 
of  the  ferricyanide  it  is  converted  into  ferrocyanide.  With 
ferric  salts  the  ferricyanide  gives  only  a  brown  coloration ; 
with  ferrous  salts  a  deep  blue  precipitate  of  soluble  Prussian 
Blue,  Fe4K2(C3N3)4,  is  formed. 

When  insoluble  Prussian  blue  is  acted  upon  by  oxidizing 
agents,  it  yields  another  blue,  called  Williamson*s  Blue, 
thus  : 

3Feio(C,N,)8  +  30  =  2Fei4(C,N,),e  +  FeaO,. 

This  compound  is  also  produced  when  soluble  Prussian 
blue  is  precipitated  by  a  ferric  salt. 

Hydrogen  Ferricyanide,  or  Ferricyanic  Acid.  HgFe2(C3N3)4, 
forms  reddish  brown  deliquescent  needles. 

Nitro-Ferricyanides  or  Nitroprusstdes  are  a  peculiar  class 
of  salts,  obtained  by  the  action  of  nitric  acid  on  potassium 
ferrocyanide.  The  sodium  salt  Na4Fe2(C3N3)2(CjN2NO)2, 
crystallizes  in  red  prisms,  and  produces  a  deep  purple  colour 
with  the  slightest  trace  of  an  alkaline  sulphide. 


Cyanogen  Chlorides, 

Cyanogen  forms  with  chlorine  a  chloride  which  exists  in 
two  polymeric  modifications  ;  they  are  both  obtained  by  the' 
action  of  chlorine  upon  hydrocyanic  acid  : 

Boiling  Melting 

Point.  Point. 

Liquid  Cyanogen  Chloride,  CN  CI        12'* '6    +         ~f 
Solid  „  „         C3N3CI3     190"     +     +140" 


Cyanic  Acid  and  the  Cyanates, 

Cyanic  Acid,  CN.OH. — The  salts  of  this  acid,  termed 
cyanates,  are  readily  formed  by  the  direct  oxidation    of 
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cyanides,  and,  together  with  cyanides,  by  the  action  of  the 
cyanogen  gas  upon  alkalis.  Cyanic  acid  itself  cannot  be 
prepared  in  the  free  state  from  its  salts,  as  on  liberation  it  at 
once  changes  into  polymeric  modifications  called  cyanuric 
acid  and  cyainelide^  or  decomposes  by  combination  with 
water  into  carbon  dioxide,  ammonium  salts,  and  urea.  It 
can,  however,  be  obtained  by  heating  cyanuric  acid  in  a 
retort,  and  collecting  the  volatile  cyanic  acid  in  a  freezing 
mixture  ;  it  then  forms  a  colourless  mobile  liquid,  but  immedi- 
ately changes  into  solid  cyamelide  when  taken  out  of  the 
freezing  mixture.  Cyanic  acid  is  a  monobasic  acid,  and  in 
aqueous  solution  combines  with  water  to  form  ammonium 
carbonate, 

CN.OH  +  2H2O  =  NH4HCO8. 

Ammonium  Cyanaie,  CN.ONH4,  is  formed  by  bringing 
together  dry  ammonia  and  cyanic  acid.  This  salt  under- 
goes gradually  at  ordinary  temperatures,  and  at  once  at  100°, 
a  remarkable  molecular  change,  being  transformed  into  uredy 

CN.OH  +  NHg  =  CO(NHj)j. 

Cyanuric  Acid,  (C3N3)(OH)3. — This  polymer  of  cyanic  acid 
is  a  solid  crystalline  substance  formed  on  heating  urea,  or  by 
acting  with  water  on  the  solid  cyanogen  chloride. 

Cyamelide  is  another  solid  polymeride  of  cyamic  acid  of 
unknown  molecular  weight. 

Thiocyanic  Acid,  CN.SH. — The  potassium  salt  of  this  acid, 
formerly  known  as  sulphocyanide  of  potassium,  is  prepared 
by  heating  potassium  ferrocyanide  with  sulphur  and  potash ; 
on  dissolving  and  crystallizing,  potassium  thiocyanate, 
KSCN,  is  deposited.  The  acid  may  be  obtained  by  acting 
on  mercuric  thiocyanate,  with  sulphuretted  hydrogen. 

By  the  action  of  dilute  sulphuric  acid  on  the  potassium 
salt  Car  bony  I  sulphide,  COS,  is  produced : 

CNSH  +  HjO  =  COS  +  NHj. 

(Compare  the  corresponding  reaction  shown  by  the  cyanates 
mentioned  above.) 

When  a  soluble  thiocyanate  is  brought  into  contact  with 
a  ferric  salt,  a  deep  blood-red  coloration  of  ferric  thiocyanate 
is  formed.     The  mercuric  salt,  (CNS)2Hg,  is  a  white  insol- 
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uble  powder,  which  burns  when  heated,  swelling  up  to  a  large 
mass,  and  serves  for  the  preparation  of  the  so-called  Pharaoh's 
serpents. 

Cyanamide,  HgN.CN  or  C(NH)2,  is  obtained  by  the 
action  of  ammonia  on  cyanogen  chloride,  or  by  the  action 
of  mercuric  oxide  on  thio-urea 

CS(NH,)j  +  HgO  =:  CNjH,  +  HgS  +  H2O. 

Several  other  amido-compounds  of  cyanogen  exist,  for  the 
description  of  which  the  larger  manuals  must  be  consult 

CARBONYL  AND  THIO-CARBONYL  COMPOUNDS. 

The  radical  carbonyl,  CO,  is  a  dyad,  and  known  in  the  free 
state  as  carbon  monoxide  or  carbonic  oxide  gas  ;  from  it  the 
following  compounds  are  derived  : — 

Carbonyl  chloride,  COiClj.  Carbonyl  oxide  or  carbon 
dioxide,  CO  :  O.  Carbonyl  sulphide,  CO:  S.  Potassium 
carbonate,  C0(0K)2.     Urea,  or  Carbamide,  CO(NH2)2 

In  the  thio-carbonyl  compounds  the  existence  of  the 
dyad  radical  thio-carbonyl,  CS,  is  assumed,  although  it  is  not 
known  in  the  free  state.  Many  of  the  carbonyl  compounds  are 
mentioned  under  carbon  in  the  inorganic  portion  of  this  work. 
The  carbonyl  compounds,  though  considered  by  themselves 
for  the  sake  of  convenience,  are  like  all  other  organic  com- 
pounds to  be  regarded  as  derivatives  of  a  corresponding 
hydrocarbon,  viz.  :  marsh  gas  or  methane,  CH4,  already  re- 
ferred to.  From  marsh  gas  we  pass  through  methyl  alcohol 
CH3.OH,  to  formic  acid  HCO.OH,  and  thence  to  hydroxy- 
fbrmic  acid  (compare  the  hydroxy-fatty  acids  or  lactic 
acids,  which  is  the  hypothetical  carbonic  acid  HO.CO.OH. 
Carbonyl  chloride  is  then  the  chloride  of  carbonic  acid ;  ' 
urea  is  the  amide  of  carbonic  acid,  &c. 

The  properties  of  carbonyl  or  carbonic  oxide,  CO,  have 
already  been  described  (p.  86).  It  behaves  as  an  unsaturated 
compound,  and  unites  directly  with  chlorine,  &c.  It  also 
combines,  as  already  mentioned  (p.  247),  with  certain 
metals,  viz.  nickel  and  iron.  Two  compounds  with  the 
latter  metal,  one  liquid,  and  the  other  solid,  have  quite 
recently  been  obtained.  They  have  the  composition 
Fe(C0)6  and  Fe2(C0)y, 
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Carbonyl  Chloride,  or  Phosgene,  COClg,  is  formed  when  dry 
carbon  monoxide  and  dry  chlorine  gases  are  brought  together 
in  sunlight  At  the  ordinary  temperature  it  is  a  colourless 
gas,  but  when  cooled  it  condenses  to  a  colourless  liquid, 
boiling  at  +  8°  and  possessing  an  unpleasant,  suffocating 
smell.  In  contact  with  water  it  quickly  decomposes  into 
carbon  dioxide  and  hydrochloric  acid  : 

COCL,  +  H2O  =  COj  +  2HCI. 

Carbonyl  Sulphide,  COS,  is  formed  by  passing  carbonic 
oxide  gas  and  the  vapour  of  sulphur  together  through  a 
heated  porcelain  tube,  or  better,  by  acting  on  potassium  thio- 
cyanate  with  dilute  sulphuric  acid.  It  is  a  colourless  gas, 
which  burns  with  a  blue  flame,  and  has  a  pecuHar  smell 
somewhat  resembling  that  of  sulphuretted  hydrogen.  It  is 
absorbed  by  caustic  potash  with  formation  of  potassium 
sulphide  and  carbonate. 

Carbamic  Acid,  CO  \  riu^jis  not  known  in  the  free  state, 

but  the  ammonium  salt  is  formed  when  dry  carbon  dioxide 
and  dry  ammonia  gas  are  brought  together,  and  is  a  con- 
stituent of  ordinary  ammonium  carbonate  or  sal  volatile; 
with  water  it  forms  ammonium  carbonate  : 

co{NH,^  .  H,o  =  co{8;?JH;. 

Urea,  or  Carbamide,  CO  |  j^  tj^. — This  important  substance 

is  found  in  large  quantity  in  the  urine  of  manmialia,  and  in 
small  amount  in  various  animal  juices.  It  is  obtained  arti- 
ficially— (i)  From  ammonium  cyanate  (see  p.  305) : 

CN.ONH4  =  COlNHj),. 

(2)  By  the  action  of  ammonia  on  carbonyl  chloride, 
thus  : 

COClj  +  4NH8.=  CO(NHa),  +  2NH4CI. 

The  first  of  these  methods  is  that  by  which  urea  is  best 
prepared.  For  this  purpose  yellow  prussiate  of  potash  is 
mixed  with  manganese  dioxide,  and  the  mixture  heated  on  an 
iron  plate ;  potassium  cyanate  is  thus  formed,  and  this  salt 

X  2 
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is  dissolved  in  water  and  mixed  with  ammonium  sulphate. 
On  evaporating  to  dryness  urea  is  formed,  and  this  can 
be  extracted  from  the  residue  with  alcohol.  This  reaction, 
which  was  discovered  by  Wohler  in  1828,  is  of  great  historical 
interest,  inasmuch  as  it  was  the  first  recognized  instance  of 
the  synthesis  from  its  elements  of  any  product  of  animal  or 
vegetable  life.  Urea  thus  prepared  crystallizes  in  long 
striated  needles,  which  dissolve  in  their  own  weight  of  cold 
water,  and  to  the  same  extent  in  hot  alcohol.  When  heated 
to  120°,  urea  fuses  and  begins  to  decompose,  forming  sub- 
stances termed  ammeline  and  biuret;  whilst  at  a  higher 
temperature  cyanuric  acid  is  produced.  When  heated  with 
water  in  closed  tubes  to  100°,  urea  forms  carbonic  acid  and 
ammonia,  i,e,  ammonium  carbonate,  showing  that  it  is  an 
amide  of  carbonic  acid.  Nitrous  acid  decomposes  urea 
instantly  into  carbonic  acid,  nitrogen,  and  water : — 

CO(NH2)j  +  2HNOj  =  CO,  +  3H2O  +  2Njj. 

Urea  is  the  product  of  the  oxidation  of  the  nitrogenous 
constituents  of  the  body,  and  the  quantity  ofurea  excreted  is 
a  measure  of  the  activity  of  the  changes  going  on.  Urea 
forms  compounds  with  acids  and  with  bases.  Urea  nitrate 
CO(NH2)2N03H,  and  oxalate,  2  (CO(NH2)2)C204H2,  are  the 
most  important  salts.  With  mercuric  oxide  urea  forms 
an  important  insoluble  compound,  Hg(N03)2  +  2  CO(NH2)2 
+  sHgO,  which  is  employed  as  a  means  of  estimating  the 
quantity  of  urea  in  a  solution. 

Thiocarbonic  Acid,  CS(SH)2. — Just  as  carbon  dioxide 
unites  with  metallic  oxides  to  form  carbonates,  so  carbon 
disulphide  unites  with  metallic  sulphides  to  form  thio- 
carbonates.  Thus  sodium  thiocarbonate  is  formed  by 
dissolving  carbon  disulphide  in  a  solution  of  sodium  sulphide. 
On  addition  of  hydrochloric  acid  to  an  alkaline  thio-carbo- 
nate,  thiocarbonic  acid  separates  out  as  a  heavy,  brown, 
peculiarly  smelling  oil. 

Thiocarbamide,  or  Thio-  Urea,  CS(N  H2)2,  is  formed  by  heat- 
ing ammonium  thiocyanate  to  140°.  It  crystallizes  in  long 
colourless  needles  and,  like  urea,  combines  with  acids  to  form 
salts. 
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LESSON    XXXI 
PARAFFIN  GROUP 

Hydrocarbons  of  the  Series  C„H2n  +  2* — T^®  hydrocarbons 
of  the  series  of  which  marsh  gas  CH4  is  the  first  term,  are 
distinguished  by  being  unattacked  by  such  powerful  oxidizing 
agents  as  nitric  and  chloric  acids.  Hence  they  have  been 
termed  paraffins  {^xovaparum  affinis).  Chlorine  when  brought 
into  contact  with  them  gives  rise  to  substitution-products  ;  at 
first  one  atom  of  hydrogen  is  replaced,  giving  rise  to  the 
chlorides  of  the  monad  radicals,  whilst  on  further  action 
more  than  one  atom  is  similarly  replaced.  Thus,  marsh  gas 
first  yields  methyl  chloride. 

CH4  +  Clj  =  CHjCl  +  HCl, 

and  afterwards  higher  chlorinated  products  are  formed. 
Paraffins  can  be  obtained  in  several  ways  : 

1.  By  bringing  the  iodide  of  an  alcohol  radical  in  contact 
with  zinc  and  hydrochloric  acid : 

CHgl  +  Hj  :=  CH4  +  HI. 

2.  By  heating  these  iodides  in  closed  vessels  together  with 
zinc,  when  zinc  iodide  is  formed  and  the  radicals  liberated. 
These  however  are  incapable  of  existence  in  the  free  state 
and  combine  together. 

2CH8I  +  Zn  =  2CH3  +  Znlj 
CH3  +  CH3  =  Q^¥i.Q, 

The  paraffins  are  also  formed  in  the  dry  distillation  of  many 
organic  bodies,  and  are  contained  in  coal-  and  woodtar, 
as  well  as  in  the  several  kinds  of  rock-oil,  ox  petroleum,  some 
of  which,  such  as  those  of  Pennsylvania,  consist  almost  wholly 
of  these  hydrocarbons. 

The  following  list  contains  the  name,  composition,  and 
boiling-point  of  the  best  investigated  of  the  paraffins  : 
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B.P. 

B.P. 

Methane  CH4 

Gaseous. 

Hexane       C5H14 

7o» 

Ethane    C^Uq 

if 

Heptane      C7Hi5 

99° 

Propane  CgHg 

ii 

Octane        CsHjg 

124° 

Butane     C4H10 

1' 

Dodecane    CijHjg 

202° 

Pentane  C5H12 

38° 

Hecdecane  CieHg4 

278° 

In  these  ten  compounds,  termed  the  normal  paraffins^  the 
carbon  atoms  are  connected  together  in  a  single  chain ;  thus, 
the  constitution  of  pentane  is  the  following  : 

CH3 — CHj — CHf — CH2 — CH3, 

It  has  already  been  stated  (p.  285)  that  several  isomeric  mo- 
difications of  these  hydrocarbons  exist,  so  that  we  now  know 
of  two  butanes  and  three  pentanes  which  are  described  in 
greater  detail  below.  The  paraffins  are  largely  used  in  the 
arts  and  manufactures ;  thus,  the  lighter  and  more  volatile 
portions  of  petroleum  are  used  as  solvents  for  gums,  fats, 
resins,  &c. ;  the  less  volatile  portions  are  employed  for 
illuminating  purposes,  whilst  the  still  less  volatile  parts  form 
a  useful  grease  for  liibrication,  and  for  medicinal  use,  as 
vaseline^  and  the  highest  portions  yield  the  beautiful  white 
^Q^\A paraffin  wax,  now  much  employed  for  making  candles. 

COMPOUNDS  OF  MONAD  RADICALS. 

General  Characteristic  of  Monad  Alcohols, — The  mono- 
valent alcohols  and  their  derivatives  form  a  very  large  and 
important  group  of  organic  compounds.  As  an  example  of 
these  alcohols  we  may  take  ethyl  alcohol,  CgHgO,  known 
as  spirits  of  wine :  this  substance,  in  common  with  all  the 
other  alcohols  of  this  series,  may  be  considered  as  water  in 
which  one  atom  of  hydrogen  is  replaced  by  a  radical,  having 
in  this  case  the  formula  C2H5  ;  hence  ethyl  alcohol  is 
C2H5.OH.  Ethyl  alcohol  is  in  constitution  analogous  to 
caustic  potash,  KOH  ;  and  as,  by  adding  hydrochloric  acid  to 
the  later,  we  get  KCl  (potassium  chloride)  and  HgO  ;  so  the 
chlorides,  iodides,  and  bromides  of  all  the  alcohol  radicals 
can  be  obtained  by  treating  the  alcohol  with  the  hydracid 
under  certain  conditions.  The  analogy  of  the  ethyl  with  the 
potassium  compounds  is  still  further  seen  in  the  fact  that  an 
ethyl  compound  exists  which  stands  to  alcohol  in  the  same 
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K 1 

relation  as  potassium  monoxide,  j^V  O,  to  caustic  potash ; 

CHI 

this  compound  is  common  or  ethyl  ether,  q^xi^  \  O.      We 

also  know  analogous  compounds  to  the  potassium  salts;  thus 
we  have  : 


Potassium  chloride,  KCl. 
Potassium  nitrate,  KO.NOj. 
Hydrogen    potassium   sulphate, 

KCSOgOH. 
Potassium    sulphate, 

KO.SOj.OK. 
Potassium  acetate,  KO.CjHgO. 


Ethyl  chloride,  C2H6.CI. 
Ethyl  nitrate,  CjHgO.NOj. 
Hydrogen   ethyl   sulphate, 

CjH6O.SO2.OH. 
Ethyl    sulphate, 

CjH50.S03.0C2li5. 
Ethyl  acetate,  CjHsO.CjHjO. 


Compound  Ammonias  and  Organo-metallic  bodies, — Each 
alcoholic  radical  also  forms  a  series  of  compound  ammonias, 


or  amines  :   that  is,  ammonia 


ia,  H  >  N,  i 
Hj 


in  which    one   or 


more  atoms  of  hydrogen  are  replaced  by  a  radical :  thus,  for 

C2H5 


Y 


'2"6* 


2* 


the  ethyl  series  we  have  ethylamine,     H    >  N  or  C^Hr.  NH 

H 
CgH 
diethylamine,  C2Hg  V  N  or  (C2H5)2NH  ;  and  triethylamine. 


;2H5  >  N 

'2^6   » 


or  {Q<fi.^^.    To  the  first  class,  in  which  one  of 


hydrogen  is  replaced  by  an  organic  radical,  the  name  of 
primary  amines  is  given.  To  the  second,  having  two  atoms 
replaced,  that  of  secondary  amines^  whilst  to  the  third  class 
the  term  tertiary  amines  is  applied.  We  can,  indeed,  go  one 
step  further  in  the  addition  of  ethyl,  and  obtain  a  caustic 
substance  resembling  potash  in  its  properties,  and  analogous 
to  the  ammonium  hydroxide,  NH4.OH,  but  containing  4  of 
ethyl  in  place  of  the  4  of  hydrogen ;  thus  N(C2H5)4.0H  : 
to  this  substance  the  name  of  tetra-ethyl-ammonium  hy- 
droxide is  given. 

Compounds  of  the  alcohol  radicals  analogous  to  arsenic 
and  phosphorus  trihydrides  are  also  known :  thus  for  in- 
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CHg^  CjH, 

stance,  CHg  >  As  or  (€113)3 As,  trimethylarsine,  andC^ 
CH3J  Q 

or  (€,115)3?,  triethylphosphine,  are  known.  The  alcohol 
radicals  likewise  combine  with  metals,  such  as  zinc,  tin,  &c., 
to  form  bodies  which  in  their  turn  combine  with  chlorine, 
&c.,  and  have,  therefore,  been  termed  the  organo-metallic 
bodies :  such  substances  are  zinc  ethyl  and  tin  tetra-ethyL 
These  may  be  considered  as  the  corresponding  chlorides  in 
which  the  chlorine  has  been  replaced  by  the  organic  radical ; 
thus  : 

Zinc  chloride,  Zn  |  ^} ;  Zmc  ethyl,  Zn  j  ^^ ; 

(  CI  i  C2H5 

Stannic  chloride,  Sn  J  ^} ;    Tin  tetra-ethyl,  Sn  |  ^^^ 

i  ci  (  cIhI 

Fatty  Acids  and  Aldehydes, — When  ethyl  alcohol  is  ex- 
posed to  the  action  of  oxidizing  agents  it  loses  two  atoms  of 
hydrogen,  and  is  converted  into  the  compound  C2H4O,  known 
as  acetic  aldehyde;  this  can,  from  its  composition,  no  longer 
contain  the  radical  CgHg  which  must  itself  have  undergone 
alteration  in  the  process  of  oxidation.  It  will  be  shown  later 
that  aldehyde  also  no  longer  contains  the  hydroxyl  group  ;  if, 
however,  it  be  further  treated  with  oxidizing  agents  it  takes 
up  another  atom  of  oxygen  forming  acetic  acidQ^fi<i^  which 
is  found  to  contain  the  hydroxyl  group,  and  may  therefore  be 
represented  as  C2H3O.OH,  whilst  aldehyde  may  be  re- 
presented as  the  hydride  of  the  same  radical  (which  is  known 
as  acetyl)  thus  C2H3O.H.  Aldehyde  readily  takes  up  two 
atoms  of  hydrogen  on  reduction  reforming  alcohol,  but  acetic 
acid  cannot,  on  the  other  hand,  be  directly  reduced  to  alde- 
hyde. 

Every  alcohol  which,  like  ethyl  alcohol,  CH3.CH2.OH 
contains  the  group  CH2.OH  is  converted  on  oxidation  first 
into  the  aldehyde  and  then  into  the  corresponding  acid. 
The  latter  series  differ  from  the  corresponding  alcohols 
inasmuch  as  they  contain  an  atom  of  oxygen  in  place  of  two 
atoms  of  hydrogen. 


Ethyl  alcohol,  CgHcOH 
Butyl  alcohol,  C4H9.OH. 


Acetic  acid,  CjHgO.OH 
Butyric  acid,  C4H7O.OH. 
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All  these  acids  are  monobasic,  i.e,  they  contain  one  atom  of 
hydrogen  replaceable  by  a  metal ;  this  may  also  be  replaced 
by  an  alcohol  radical  such  as  ethyl,  which  yields  ethyl 
aeetaie  or  acetic  ether  C2H3O.OC2H5,  and  also  by  radicals 

like  acetyl  itself,  which  gives  acetic  anhydride  r^ti^O /^'  ^ 

substance  which  may  also  be  termed  acetyl  oxide.  Further, 
the  hydroxyl  group  in  acetic  acid  may  be  replaced  by 
halogens,  with  formation  of  such  compounds  as  acetyl 
chlo7-ide  C2H3O.CI. 

The  acid-radicals  can  also  replace  one  or  more  of 
the  hydrogen  atoms  in  ammonia,  giving  rise  to  a  class  of 
compound  ammonias  termed  amides:  thus  we  have  with 
acetyl  : 

C2H3O  ^  CjHjO  ) 

Acetamide,     H      >-N,  orCjHjO.NHa;  diacetamide,  CjHjO  |-N, 
H     J  H     J 


or  (C2H80)2NH. 

and  triacetamide,  C2H3O  >-N,  or  (C2H30)3N. 

C2H3OJ 


The  fatty  acids  in  many  reactions  undergo  a  change  in 
which  one  atom  of  carbon  is  eliminated  as  carbon  dioxide. 
Thus  when  a  galvanic  current  is  passed  through  a  solution 
of  potassium  acetate,  it  is  converted  into  carbon  dioxide, 
hydrogen  and  ethane,  the  latter  being  formed  by  the  union 
of  the  methyl  groups  first  set  free : 

2C2H3O.OH  =  2CO,  +  Hj  +  CHj— CH3. 

Also,  as  already  mentioned,  when  an  acetate  is  heated  with 
an  alkali  it  yields  methane  and  a  carbonate  : 

C2H30.0Na  +  NaOH  =  CH4  +  NaaCO,. 

On  the  other  hand  fatty  acids  may  be  obtained  from  com- 
pounds of  the  alcohol  radicals  containing  one  less  atom  of 
carbon  than  the  acid  itself  Thus  methyl  forms  a  com- 
pound with  sodium  CHgNa,  which  unites  directly  with 
carbon  dioxide  forming  sodium  acetate. 

CHg.Na  +  CO2  =  CH3.C02Na. 

If  the  iodine  in  methyl  iodide  be  replaced  by  cyanogen  we 
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obtain  methyl  cyanide  or  acetonitriUy  which  on  treatment 
with  caustic  potash  yields  ammonia  and  potassium  acetate : 

CH3.CN  +  KOH  +  HjO  =  CjHgO.OK  +  NH^ 

These  reactions  show  that  acetic  acid  must  contain  the 
methyl  group  ;  the  formula  given  above,  C2H8O.OH  does  not 
show  this,  but  simply  implies  that  the  substance  contains  the 
hydroxyl  group  and  the  radical  C2H8O,  which  remains  un- 
altered in  a  number  of  reactions.  To  account  however  for 
the  above  decompositions  and  syntheses  of  acetic  acid,  we 
must  resolve  the  group  C2H3O  further  into  CH8.C0,  acetic 

CH3 
acid  then  becoming  |  .     The  other  acids  of  this 

CO.OH 
series  may  therefore  be  represented  by  the  general  formula 

Cnl^2n  +  1 

I  ,  and  they  may  therefore  be  regarded  as  compounds 

CO.OH 

of  the  alcohol  radicals  with  the  monad  g^oup  — CO.OH  or 
— C— O— H 

II  ,   in  which  one    of   the    carbon  valencies  is 

O 
saturated  by  the  hydroxyl  group,  two  others  by  an  oxygen 
atom,  whilst  the  fourth  combines  with  the  alcohol  radicaU 
This  group  is  found  in  by  far  the  larger  number  of  organic 
acids  and  is  known  as  Carboxyl,  The  relations  between 
ethane,  ethyl  alcohol,  and  acetic  acid  are  represented  there- 
fore as  follows 

CHg  CHg  CH3 

Ethane  j  Ethyl  alcohol  |  Acetic  acid  | 

CH3  CH2.OH  CO.OH. 

The  carboxyl  group  is  formed  by  the  oxidation  o(  a  methyl 
group,  it  is  also,  as  we  have  already  seen,  formed  by  the 
action  of  alkalis  on  the  cyanogen  group  CN. 

The  hydrogen  in  the  alcohol  radicals  of  the  fatty  acids 
may  be  replaced  by  halogens,  without  any  great  alteration 
taking  place  in  the  properties  of  the  compounds.  Thus  we 
know  three  chlorinated  acetic  acids  : 

Chloracetic  acid.  Dichloracetic  acid.  Trichloracetic  acid. 

CH«C1  CHCL  CClg 

I  I  I 

COOH  COOH  COOH. 
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In  the  same  manner  the  oxygen  atom  of  the  hydroxyl 
group  may  be  replaced  by  sulphur,  and  we  then  get 

Hydrogen  thiacetate.  Potassium  thiacetate.  Ethyl  thiacetate. 

CH3.CO.SH  CH3.CO.SK  CH3.CO.SC,H5. 

The  following  is  a  list  of  the  better-known  primary  alcohols 
and  fatty  acids,  giving  their  formulae,  and  boiling  and  melting 
points : — 
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Primary,  Secondary,  and  Tertiary  Alcohols. — The  monad 
alcohols  are  divided  into  three  groups,  viz.,  the  primary, 
secondary,  and  tertiary  alcohols. 
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1.  Primary  A Icohols.—  TYas  class  is  characterised  from  the 
two  following  by  the  fact  that  on  oxidation  the  akohols  yield 
aldehydes  and  adds  containing  the  same  number  of  carbon 
atoms.  They  all  contain  the  g^oup  — CHjOH,  which  as  it 
is  monatomic  can  only  occur  at  the  end  of  the  chain^  as  shown 
in  the  formula  of  ethyl  alcohol  CH3.CH2OH 

2.  Secondary  Alcohols. — In  this  class  of  alcohols,  the 
hydroxyl  group  is  attached  to  a  carbon  atom  which  is  also 
combined  with  two  other  carbon  atoms.  A  glance  at  the 
figures  on  p.  277,  shows  that  this  is  first  possible  in  the  3 
carbon  or  propyl  series.  The  primary  and  secondary  alcohols 
containing  the  same  number  of  carbon  atoms  are  isomeric 
(p.  284)  but  differ  in  many  of  their  properties  and  in  the 
decompositions  which  they  undergo. 

Secondary  propyl  alcohol  is  represented  by  the  formula 

CH, 

CH.OH 

I 
CH3. 

and  is  also  known  as  dimethylcarbinol,  as  it  may  be  re- 

H 


garded  as  formed  from  methyl  alcohol,  H — C — O — H  (which 


H 
is  also  termed  carbinol)  by  replacing  two  atoms  of  hydrogen 
by  methyl. 

On  oxidation  the  secondary  alcohols  like  the  primary 
compounds  lose  two  atoms  of  hydrogen  ;  the  compounds 
formed  differ  however  in  many  respects  from  the  aldehydes 
and  are  known  as  ketones.    Thus  : 

Dimethyl  Dimethyl 

carbinol.  ketone  or  acetone. 

CH*  CHo 

I  I 

CH.OH   +   O   =   CO  +  HjO. 
I  I 

Crij  Crlg 

The  ketones  take  up  hydrogen,  forming  the  secondary  alco- 
hols ;  on  oxidation  they  do  not  yield  the  corresponding  acid. 
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but  split  up  into  acids  containing  a  smaller  number  of  carbon 
atoms. 

Every  ketone  contains  two  alcohol-radicals,  united  by  the 
group  CO.  They  are  formed  by  several  other  reactions  ; 
thus,  if  zinc  ethyl  is  acted  upon  by  acetyl  chloride  methyl- 
ethylketone  is  obtained  : 

CHa 
CH3  I 

2  I  +  ZnCCjHe)^  =  2CO     +ZnCl2. 

COCl  I 

CjHs 

Ketones  are  also  produced  when  the  salts  of  the  fatty  acids 
are  subjected  to  dry  distillation,  or  when  the  vapour  of  the 
acid  is  passed  through  a  red-hot  tube.  Thus  acetic  acid 
yields  acetone : 

CHa.  CO.  OH      CHgv 

+  =  >CO  +  HjO  +  COj. 

CH3.CO.OH      CHa'^ 

3.  Tertiary  Alcohols,— \xi  the  third  class  of  alcohols  the 
hydroxyl  (OH)  is  attached  to  a  carbon  atom  which  is  con- 
nected with  three  other  carbon  atoms.  These  alcohols  do  not 
yield  any  corresponding  aldehydes,  acids,  or  ketones,  but  on 
oxidation  at  once  split  up  into  acids  or  ketones  containing 
a  lower  number  of  carbon  atoms. 

The  first  term  of  this  class  is  that  of  the  four-carbon  series. 
tertiary  butyl  alcohol,  or  trimethylcarbinol,  and  is  obtained 
by  the  action  first  of  zinc  methyl  on  acetyl  chloride,  and 
afterwards  by  that  of  water  on  the  product ; 

(1)  CH3.CO.CI  +  Zn(CH3)2  =  CH8.CO.CH8  +  ZnClCCH,). 

CHq  CH« 

I  I 

(2)  CO  +  Zn(CH3)2  =  CH3— C— O.ZnCHg. 

CH3  CH3 

(3)  (CH3)3C.OZnCH3  +  HjO  =  (CH3)3C.OH  +  ZnO  +  CH4. 

A  delicate  test  for  distinguishing  between  primary, 
secondary,  and  tertiary  alcohols  and  their  derivatives  is 
described  later  on. 
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MONOCARBON  OR  METHYL  SERIES. 

Methyl  Alcohol^  CH3.OH,  commonly  called  Wood-spirit, 
is  produced  in  the  dry  distillation  of  wood,  forming  about 
one  per  cent  of  the  aqueous  distillate :  it  is  likewise  met 
with  in  the  oil  of  winter-g^een,  derived  from  the  Gaultheria 
Procumbens.  Methyl  alcohol  can  likewise  be  synthetically 
built  up  from  its  constituent  elements  by  means  of  several 
reactions,  which  will  afterwards  be  mentioned. 

Pure  methyl  alcohol  is  obtained  from  crude  wood-spirit, 

in  which  it  is  contained  mixed  with  a  variety  of  other 

organic  compounds,  first  by  fractional  distillation,  and  then 

by  forming  from  the  crude  methyl  alcohol  so  obtained  a 

CO.OCHa     , . 
crystalline  methyl  oxalate,  Aq  Qf-u  :  this,  on  distillation 

with  water,  is  decomposed,  and  yields  the  alcohol  in  the  pure 
but  dilute  state.  From  th©  accompanying  water  it  is  freed 
by  means  of  quicklime.  Methyl  alcohol  is  a  colourless, 
mobile  liquid,  possessing'a  pure  spirituous  smell ;  the  specific 
gravity  of  the  liquid  is  o'8i42  at  0°,  and  its  boiling-point  is 
66°.  It  burns  with  a  non-luminous  flame,  and  is  soluble  in, 
and  miscible  with,  water.  Potassium  dissolves  in  methyl 
alcohol  with  evolution  of  hydrogen  and  formation  of  potassium 
methylate,  CH3.OK.  Methyl  alcohol  when  acted  on  by 
oxidizing  agents  yields  methyl  aldehyde  and  formic  acid  ; 
acted  upon  by  hydrochloric  acid,  in  presence  of  a  dehydrating 
agent,  the  alcohol  yields  methyl  chloride. 

Of  especial  interest  is  the  action  of  sulphuric  acid  on 
methyl  alcohol.  The  liquids  mix  with  evolution  of  heat 
together  forming  methylsulphuric  acid  or  methyl  hydrogen 

OCH3 
sulphate^  ^O,^  and  water,  H2O  ;  if  the  former  be 

heated  with  another  molecule  of  methyl  alcohol  the  following 
change  occurs  : 

/OCH,  CH,v  /OH 

SOa<  +  HO.CH3  =  >0  +  SOj<        . 

^OH  CH/  ^OH 

The  dimethyl  ether  thus  formed  is  a  colourless  gas,  which 
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has  an  ethereal  odour  and  condenses  at — 21°  to  a  colourless 
liquid. 

Methylsulphuric  acidQY{^^A^O^  is  also  obtained  by  acting 
on  methyl  alcohol  with  chlorosulphuric  acid  : 


.CI  ^OCH, 

OH  "  '  \OH 


SO,/         +  CH,.OH  =  SO,/         "  +  HCl. 


>j<  +  CH3.OH  =  S02< 


It  is  an  oily  liquid,  whose  aqueous  solution  readily  decom- 
poses into  sulphuric  acid  and  methyl  alcohol,  it  is  a  monobasic 
acid  and  forms  a  series  of  crystalline  salts. 

Methane^  Methyl  Hydride^  or  Marsh  Gas,  CH4. — As  we 
have  seen  (p.  88),  this  gas  occurs  in  nature  as  fire-damp 
and  the  gas  of  marshes.  It  can  be  obtained  easily  by  heat- 
ing sodium  acetate  with  a  caustic  alkali,  the  acetic  acid 
splitting  up  into  carbon  dioxide  and  marsh  gas  :  CH3.COOH 
=  CH4+C02.  Methane  can  also  be  obtained  by  passing 
the  vapour  of  carbon  di  sulphide,  together  with  sulphuretted 
hydrogen  gas,  through  a  red  hot  tube  ;  and  in  this  way  it 
may  be  built  up  from  its  constituent  elements.  It  may  like- 
wise be  obtained  by  heating  methyl  iodide  together  with 
zinc  and  water.  Methane  is  a  colourless  inflammable  gas, 
which  bums  with  a  slightly  luminous  flame,  and  when  mixed 
with  air  produces  a  dangerously  explosive  mixture.  Most 
oxidizing  agents  do  not  act  upon  this  hydrocarbon,  but 
chlorine  attacks  it  in  the  presence  of  sunlight  with  such 
violence  as  to  produce  an  explosion.  By  the  slow  action  of 
chlorine,  several  substitution  products  are  formed,  the  chief 
of  which  are  methyl  chloride,  CH3CI,  chloroform,  CHCI3,  and 
carbon  tetrachloride,  CCl4* 

Methyl  Chloride^  CH3CI,  is  obtained  as  a  colourless  gas, 
condensing  at  —  21°,  by  acting  upon  methyl  alcohol  with 
phosphorus  pentachloride  or  with  hydrochloric  acid  in 
presence  of  zinc  chloride :  it  is  also  formed  along  with  other 
substances  by  the  action  of  chlorine  upon  marsh  gas.  When 
heated  with  potash  in  sealed  tubes  to  100°  potassium  chloride 
and  methyl  alcohol  are  formed  : 

CHgCl  +  KHO  =  CHg.OH  +  KCl. 

The  bromide  and  iodide  are  colourless  liquids,  prepared  by 
acting  on  methyl  alcohol  with  bromine  and  iodine  in  presence 
of  phosphorus. 
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Chloroform^  CHCI3,  is  formed  when  chlorine  acts  on  marsh 
gas,  but  it  is  prepared  by  acting  upon  ethyl  alcohol  with 
bleaching-powder,  several  secondary  reactions  taking  place ; 
by  the  action  of  bleaching-powder  on  methyl  alcohol,  no 
chloroform  is  obtained.  It  is  a  mobile,  heavy  liquid 
possessing  a  powerful  and  agreeable  smell ;  its  specific 
gravity  is  1*525  at  o'',  and  it  boils  at  62°.  Chloroform 
is  much  used  in  medicine,  producing,  when  it  is  in- 
haled, a  temporary  but  perfect  insensibihty  to  pain,  and 
is  therefore  much  valued  in  surgical  operations.  Many  other 
volatile  organic  bodies  act  in  a  similar  manner.  Very  small 
quantities  of  chloroform  can  be  detected  by  heating  the  liquid 
in  a  test-tube  with  a  few  drops  of  aniline  and  of  an  alcoholic 
solution  of  caustic  soda.  If  chloroform  be  present  the  pene- 
trating and  disagreeable  odour  of  phenyl  carbamine  is 
noticed.  An  iodine  compound,  analogous  to  chloroform 
has  been  prepared  ;  it  is  termed  Iodoform  CHI3,  is  a  yellow 
solid  body,  and  is  largely  used  in  surgery. 

Carbon  Tetrachloride^  CCI4,  is  a  colourless  liquid,  boiling 
at  T]°^  obtained  as  the  last  product  of  the  action  of  chlorine 
on  marsh  gas.  When  this  substance  is  brought  into  contact 
with  sodium  amalgam  and  water,  an  opposite  substitution 
of  hydrogen  for  chlorine  occurs,  marsh  gas  and  all  the  inter- 
mediate products  being  formed. 

Methyl  Cyanides, — When  methyl  iodide  is  heated  with 
silver  cyanide,  two  isomeric  compounds  of  the  above  com- 
position are  formed.  They  are  both  colourless  liquids  ;  one, 
which  boils  at  58°,  is  characterised  by  possessing  an  ex- 
tremely disagreeable  smell.  This  cyanide,  which  is  called 
Methyl  Carbamine^  is  easily  decomposed  by  acids  into  formic 
acid  and  methylamine : 

Methyl  and  Water  yield  Methylamine  and  Formic 
Carbamine  Acid. 

CN.CHg  -i-  2H2O  =  NHgCHg  +  CHjOj. 

From  this  decomposition  we  see  that  the  cyanogen  group 
is  connected  with  the  methyl  by  the  atom  of  nitrogen.  The 
other  isomeride  has  been  called  Acetonitrile,  and  is  best 
prepared  by  distilling  a  mixture  of  potassium  cyanide  and 
potassium  methyl-sulphate.  It  boils  at  77° ^  and  is  not  acted 
upon  by  acids.  In  presence  of  potash  it  is  converted  into 
ammonia  and  acetic  acid  : 
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Acetonitrile   and   Water  yield  Ammonia  and  Acetic  Add. 

icN'     +     ^H,0     =     NH.     +       {CH.^ 

The  constitution  of  this  substance  is  still  more  clearly 
shown  by  the  fact  that  it  combines  directly  with  nascent 
hydrogen  to  form  ethylamine  : 

Acetonitrile  and  Hydrogen  j/ield  Ethylamine. 
CH3.CN     +     2Ha    =    CH3.CHj,NHj. 

Hence  we  see  that  the  two  atoms  of  carbon  are  combined 
together,  and  that  this  compound  really  belongs  to  the  ethyl 
series  (see  below).  The  nitriles  form  a  large  and  also  very 
important  class  of  compounds,  as  they  enable  us  to  pass 
from  one  series  of  compounds  (/>.  methyl  or  ethyl,  &c.)  to  the 
acid  of  the  next  higher  series  (/.^.  acetic  or  propionic  acids). 
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DICARBON  OR  ETHYL  SERIES 

The  starting-point  of  this  important  series  is  common  alcohol 
or  spirits  of  wine,  CgHgO  ;  this  is  the  ethyl  hydroxide,  and 
like  its  numerous  and  well-known  derivatives,  contains  the 
radical  ethyl  CgHg. 

Ethyl  Alcohol^  CgHg.OH,  is  obtained  in  the  vinous  fermen- 
tation of  sugar,  a  decomposition  effected  in  aqueous  sugar 
solutions  in  presence  of  yeast,  in  which  alcohol  and  carbonic 
acid  are  chiefly  formed  :  the  other  products  of  fermentation 
are  described  under  Cane-Sugar. 

Alcohol  and  alcoholic  liquids  are  prepared  in  large  quan- 
tities by  the  fermentation  of  sugar  derived  from  various 
sources.  The  fermented  liquid  is  distilled,  and  the  dilute 
aqueous  spirit  thus  separated  from  non-volatile  impurities  : 
it  is  obtained  in  a  more  concentrated  form  by  repeated  rec- 
tifications, as  it  boils  at  a  lower  temperature  than  water. 
Alcohol  cannot,  however,  be  completely  separated  from  water 
by  simple  distillation,  the  strongest  spirit  which  can  thus  be 
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prepared  containing  lo  per  cent,  of  water.  To  withdraw  all 
the  water,  the  spirit  must  be  distilled  with  some  substance 
capable  of  combining  with  water,  such  as  potassium  carbonate 
or  quicklime.  The  pure  liquid  thus  obtained  is  termed  adsa- 
lute  alcohol;  it  is  a  colourless,  mobile  liquid^  possessing  a 
pleasant,  spirituous  smell  and  burning  taste ;  its  specific 
gravity  at  o°  is  0*80625,  and  at  15°,  079367;  it  boils  at 
7 8*^ '4  when  the  barometer  stands  at  760  mm.  It  has  lately 
been  solidified,  by  exposure  to  a  very  low  temperature. 
Alcohol  is  very  inflammable,  burning  with  a  slightly  lu- 
minous blue  flame.  It  absorbs  moisture  with  great  avidity, 
and  mixes  with  water  in  all  proportions,  the  mixture  in- 
creasing in  temperature  and  undergoing  contraction  in 
volume. 

Alcohol  can  also  be  prepared  from  its  elements  by  synthesis. 
This  is  done  by  obtaining  acetylene,  C2H2,  by  the  direct  union 
of  carbon  and  hydrogen  (page  89),  and  combining  this  directly 
with  hydrogen  to  form  olefiant  gas,  C2H4 ;  this  substance 
combines  directly  with  strong  sulphuric  acid,  forming  hydro- 
gen ethyl-sulphate,  C2H6.HSO4,  which,  when  boiled  with 
water  yields  sulphuric  acid  and  alcohol  by  exchange  of  ethyl 
for  hydrogen  : 

C2H5.HSO4  +  H2O  =  H0SO4  +  C2H6.OH. 

Olefiant  gas  also  combines  with  hydriodic  acid  to  form 
ethyl  iodide,  which  yields  alcohol  when  heated  with  caustic 
potash. 

Many  salts,  as  well  as  gases,  dissolve  in  alcohol ;  it  like- 
wise acts  as  a  solvent  for  resins,  organic  bases,  and  essential 
oils,  many  of  which  do  not  dissolve  in  water.  The  determi- 
nation of  the  strength  of  spirit,  when  free  from  sugar  or  other 
soluble  matters,  is  ascertained  by  determining  the  spedfic 
gravity  by  means  of  delicate  hydrometers,  and  refering  to 
accurate  tables,  showing  the  percentage  of  water.  In  these 
estimations  the  temperature  must  be  accurately  observed, 
and  corrections  for  deviations  made,  as  alcohol  expands 
considerably  with  increase  of  temperature,  and  the  specific 
gravity  is  thereby  altered.  The  "proof  spirit"  of  the 
Excise  contains  50*8  parts  by  weight  of  alcohol  to  49*2  of 
water,  and  possesses  a  specific  gravity  of  0*920  at  I5°*5. 
Weaker  spirits  are  termed  under  proof  zxA.  stronger  spirits 
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over  proof.  Thus  25°  over  proof  means  that  loo  volumes 
of  this  spirit  diluted  with  water  yields  125  volumes  of  proof 
spirit;  whilst  25"  under  proof  means  that  it  contains  in  loo 
volumes  seventj-'five  volumes  of  proof  spirit.  Owing  to  the 
high  duty  on  pure  spirit,  the  Government  allow  the  sale  of  a 
mixture  of  ninety  parts  of  strong  alcohol  with  ten  parts  of 
wood-spirit  for  manufacturing  and  scientific  purposes  ;  this 
substance  is  called  "  methylated  spirit,"  and  is  most  useful 
to  the  scientific  and  manufacturing  chemist.  Spirits,  wines, 
and  beer  contain  more  or  less  alcohol,  flavoured  with  certain 
essential  oils,  sugar,  or  extracts.  Brandy,  whisky,  and  the 
other  spirits  contain  from  40  to  50  per  cent,  of  alcohol  ; 
wines  from  17  (madeira  and  port)  to  7  or  8  (light  claret  and 
hock)  per  cent,,  whilst  strong  ale  and  porter  contain  from  6 
to  8  per  cent. 

Alcohol  is  decomposed  when  its  vapour  is  passed  through 
a  red-hot  tube  ;  hydrogen,  marsh  gas,  olefiant  gas,  naphtha- 
lene, benzene,  and  other  products  being  formed.  By  oxida- 
tion alcohol  is  transformed  first  into  aldehyde  and  then  into 
acetic  acid.  This  oxidation  may  be  effected  by  the  atmo- 
spheric oxygen  in  presence  of  finely-divided  platinum,  or 
more  slowly  when  certain  ferments  are  present  (see  Acetic 
Acid,  p.  33S).  The  alkali-metals  attack  alcohol  with 
rapidity,  evolving  hydrogen,  and  forming  potassium  or 
sodium  ethylate,  CjHb.OK.  Hydrochloric  acid  converts 
it,  though  only  slowly,  into  ethyl  chloride  and  water,  and 
the  corresponding  bromine  and  iodine  compounds  act 
similarly.  Strong  sulphuric  acid  combines  with  alcohol  to 
form  hydrogen  ethyl -sulphate,  or  ethylsulphuric  acid,  a  sub- 
stance which  forms  salts  called  the  ethyl-sulphates  :  thus 
potassium  ethyl-sulphate  is  CjHj.KSOi. 

The  most  delicate  test  for  the  presence  of  alcohol  depends 
on  the  formation  of  iodoform  (p.  320).  Drop  a  crystal  of 
iodine  into  the  liquid  to  be  examined,  and  then  Just  enough 
caustic  potash  to  cause  the  solution  to  become  colourless, 
when  either  at  once  or  after  a  short  time  a  yellow  precipitate 
of  iodoform  is  thrown  down. 

Elker,  ax  Diethyl  Ether,  Pjj'}  O.— This  important  sub- 
stance is  formed  in  a  variety  of  ways  from  ethyl  compounds. 
The  most  simple  reaction  by  which  ether  can  be  prepared  is 


th.ll  of  acting  upon  polassiutn  ethyl  ate  with  ethyl  iodide,  an 
exchange  of  clhyl  and  potassiutn  taking  place  : 

Elhyl      and      Putauinin  gin  Pnt.-iuluin   and   Elhcr. 
B  lodidv  Eihylotc  Iodide 

■  C,H,I     +     C,lf,OK     =     KI      +     !C,Hb),0. 

The  reaction  by  which  ether  i3  prepared  on  the  large  scale 
consists  in  iheheatingamirture  of  alcohol  and  sulphuric  acid 
lo  140",  and  passing  in  fresh  quantities  of  alcohol,  when 
ether  and  water  are  given  off.    The  decompositions  which 


sulphuric   acid   form   hydrogen  clhyl-sulphate  (sulphov 
acid)  and  waterj  by  an  exchange  of  hydrogen  and  ethyl ; 
□d  Hydropo  Elhyl 
J'OCJH, 
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second  molecule  of  alcohol,  another  exchange  of  hydrogen 
for  ethyl  occurs,  and  ether  and  sulphuric  acid  are  formed  : 

Alcohol.  Hydrogen-Ethyl  Ether.  Sulphuric 

Sulphate.  Acid. 

.OC2H5      CjHgv  /OH 

C2H5OH  +  so2<  =         >o  +  so/ 

\0H  C^U/  ^OH 

The  water  formed  by  the  first  decomposition,  and  the  ether 
produced  by  the  second,  are  given  off  as  vapour,  whilst  the 
sulphuric  acid  remains  behind,  ready  again  to  go  through  the 
same  series  of  changes  on  meeting  with  two  other  molecules 
of  alcohol.  This  process  is  called  the  continuous  etherification 
process,  as  a  current  of  alcohol  may  be  passed  continuously 
through  the  sulphuric  acid  heated  to  140°,  and  a  regular 
supply  of  ether  and  water  thus  obtained.  Fig.  76  shows  the 
arrangement  of  apparatus  used  for  making  ether  by  the  above 
process. 

Ether  is  a  colourless,  very  mobile  liquid,  possessing  a  strong 
and  peculiar  ethereal  smell  and  solidifies  at  — 129°  to  a  crysta- 
line  mass  which  melts  again  at  — ii7°*4.  It  is  lighter  than 
water,  specific  gravity  0718,  and  is  not  miscible  with  that 
liquid,  though  ether  is  somewhat  soluble  in  water  and  water 
slightly  in  ether.  Ether  boils  at  34^*5,  and  its  vapour  is  37 
times  heavier  than  hydrogen,  and  can  be  poured  from  vessel 
to  vessel  like  carbonic  acid  gas.  The  vapour  bums  with  a 
luminous  flame,  and  forms  an  explosive  mixture  when  mixed 
with  air.  From  its  low  boiling  point  great  care  must  be 
taken  to  avoid  explosions  when  working  with  tliis  substance, 
owing  to  the  vapour  becoming  mixed  with  air.  Ether  is 
easily  attacked  by  oxidizing  agents,  yielding  the  same  pro- 
ducts as  alcohol ;  it  is  also  acted  upon  by  chlorine,  and  a  large 
number  of  substitution-products  formed. 

Mixed  Ethers  containing  two  different  radicals  are  obtained 
by  acting,  for  instance,  with  ethyl  iodide  upon  potassium 
methylate  : 

Ethyl  Iodide  and  Potassium  yield  Potassium  and  Methyl  Ethyl 
Methylate  Iodide  Ether. 

C2H5I     +     CH3.OK     =     KI     +     CH3.O.C2H5. 

or  by  acting  on  hydrogen  methyl-sulphate,  CH3.HSO4,  with 
ethyl  alcohol.  The  following  is  a  list  of  some  of  the  more 
.important  simple  and  mixed  ethers  of  this  series  : — 
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Ta^/^  of  Simple  and  Mixed  Ethers, 


Dimethyl  ether     .    . 

.   .C,H«0 

C  H, /"   •   • 

Boning 
point. 

Methyl-ethyl  ether  . 

.CgHgO 

c,H,  r  '  ' 

.      +12' 

Diethyl  ether    .    .    , 

,    .  C4  HiqO 

34' 

Methyl-amyl  ether   . 

.   .C«Hi40 

92- 

Ethyl-butyl  ether     . 

.    .  Ca  II14O 

C4H,  /"  •  •  • 

8o» 

Ethyl-amyl  ether 

.    .  C7  HjjO 

II2' 

Dibutyl  ether    .    .    . 

.    .CaH^O 

C4H9   \q 

104^ 

Ethyl-hexyl  ether     . 

.    .CsHmO 

13a* 

Diamyl  ether    .    .    . 

•    •  CioH^O 

176- 

Ethane^  or  Ethyl  Hydride^  C2Hg. — This  hydrocarbon  is 
obtained  by  heating  zinc  and  methyl  iodide  in  a  closed  tube 
to  150°  : 

2CH3I  -I-  Zn  =  CaHg  =  Znlj. 

It  may  be  obtained  from  ethyl  iodide  by  heating  it  with 
zinc  and  water  in  sealed  tubes  to  1 50°  : 

2C2H5I  +  2Zn  +  HjO  =  2C2Hg  =  Znlj  +  ZnO. 

The  glass  tubes  containing  these  materials  are  heated  in 
strong  iron  tubes  placed  in  an  air-bath  (Fig.  'ji)^  provided 
with  a  thermometer. 

Ethane  is  a  colourless,  tasteless  gas,  condensing  to  a 
liquid  under  a  pressure  of  46  atmospheres.  It  is  rapidly 
acted  on  by  chlorine  in  diffused  daylight,  yielding  ethyl  chlo- 
ride, C2H5CI.  If  excess  of  chlorine  has  been  employed,  a 
series  of  further  chlorine  substitution-products  is  obtained, 
the  last  of  which  is  hexachlorethane,  C2Clg. 

Ethyl  Chloride,  CgHgCl,  is  obtained  as  a  mobile  liquid, 
having  an  ethereal,  penetrating  smell,  by  saturating  alcohol 


ETHYL  CARBAMINE 

with  hydrochloric  acid  gas   in  presence  of  nine  chloride  c 
by  acting  with  the  phosphorus  chlorides  upon  alcohol  : 


SCiH^OH  +  POt  =  jCjH.Cl  +  H,POj  ■ 


H,0. 


On  heating  the  mixture,  volatile  ethyl  chloride  is  given  off, 
which  must  be  condensed  in  a  freezing  mixture.  Ethyl 
chloride  boils  at  i2-5. 

Phosphorus  pentachloride  acts  in  a  similar  manner  on  all 
alcohols,  and  indeed  on  all  compounds  cuntaining  the 
hydroxyl  group.  This  reaction  is  therefore  largely  employed 
for  ascertaining  the  presence  or  absence  of  this  group  in  a 
compound,  and  also  for  determining  how  many  such  groups 
are  present. 

Etkyl  Iodide,  CjHjI,  and  Ethyl  Bromide,  C^HsBr,  are  ob- 
tained by  acting  upon  alcohol  with  iodine  and  bromine  in 


presence  of  phosphorus.     The  iodide  is  much  used  for  the 
preparation  of  other  ethyl  compounds,  owing  to   the  facility  . 
with  which  the  iodine  can  be  exchanged  in  double  decompo- 
sitions.     It  is  a  heavy  colourless  hquid,  boiling  at  72",  a 
having  a  specific  gravity  of  1*946  at  i6'. 

Ethyl Isocyanide,  or  Ethyl  Car*ami>«',CjHjNC.— This  sub- 
stance is  formed,  together  withitsisomeride^/'D^/on///7Ve,by 
acting  on  ethyl  iodide  with  silver  cyanide.     It  may  also  be   I 
prepared  by  heating  a  solution  of  ethylaraine  in  alcohol  with    j 
chloroform  and  caustic  potash  : 


L. 


Ethylaminf 


CnCla      =      C5II.VNC 


dKydiM 


328  ELEMENTARY  CHEMISTRY  lesson 

The  boiling  point  of  isocyanide  of  ethyl  is  'j'j^^  and  it  pos- 
sesses a  very  unpleasant,  penetrating  smell.  It  is  decom- 
posed by  acids  into  ethylamine  and  formic  acid. 

Propionitrile. — The  isomeric  propionitrile,  boiling  at  97°,  is 
preparedby  distillingpotassium  ethyl-sulphate  with  potassium 
cyanide.  It  may  be  considered  as  a  nitrogen  compound 
(nitrile)  of  the  next  higher  carbon  series  (propyl),  for  on 
heating  with  potash  it  yields  propionic  acid  : 

Propionitrile  and  Water  yield  Propionic  Acid  and  Ammonia 

CjHg.CN  +  2H2O  =  C2H5.COOH    +    NH,. 

Propionitrile,  when  acted  upon  by  hydrogen,  yields  propyl- 
amine: C2H5CN  -f-  2H2  =  CgHg.CHgNHg.  These  reactions 
are  as  already  mentioned  very  important,  for  they  are  com- 
mon to  all  the  series  of  alcoholic  nitriles,  and  enable  us  to 
pass  from  a  lower  to  a  higher  carbon  series— in  this  case 
from  the  2-  to  the  3-carbon  series. 

Ethyl  Nitrite^  CgHgNOg,  is  obtained  as  a  sweet-smelling 
liquid,  boiling  at  18°,  by  distilling  a  mixture  of  alcohol,  sul- 
phuric acid  and  potassium  nitrite  thus : 

CjHjHSO^  +  KNO2  =  CjHgNO,  +  KHSO4. 

When  silver  nitrite  acts  upon  ethyl  iodide,  an  isomeride  termed 
nitro-ethane  is  formed,  boiling  at  113°  and  possessing  a 
smell  altogether  different  from  ethyl  nitrite.  This  substance 
has  an  acid  reaction,  and  on  treatment  with  an  alcoholic 
solution  of  soda  yields  a  compound  C2H4NaN02.  Nitro- 
ethane  yields  ethylamine  when  exposed  to  the  action  of 
nascent  hydrogen.     This  reaction  shows  that  the  constitution 

ofnitro-ethane  is  represented  by  CgHg—N/   |  ;  while  that  of 

ethyl  nitrite  is  CgHg — O — N=0,  judging  by  its  formation 
from  an  oxygen  compound,  i.e,  alcohol. 

If  nitroethane  be  mixed  with  a  solution  of  potassium  nitrite 
(KNOg)  in  caustic  potash,  and  dilute  sulphuric  acid  added) 
a  deep  red-coloured  liquid  is  obtained.  This  reaction  serves 
to  distinguish  the  derivatives  of  a  primary  alcohol  from  those 
of  a  secondary  or  tertiary.  For  if  the  nitro-compound  of 
a  secondary  alcohol  be  thus  treated,  a  deep  blue  solution 
is  obtained.     The  nitro-compounds  derived  from  tertiary 
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alcohols,  on  the  other  hand,  yield  colourless  solutions  when 
treated  in  a  like  manner,  since  they  are  quite  unacted  upon. 

Ethyl  Nitrate^  C2H6NO3,  is  formed  by  the  action  of  nitric 
acid  on  alcohol  when  urea  is  present,  as  this  body  imme- 
diately destroys  any  nitrous  acid  which  may  be  formed,  and 
which  otherwise  causes  the  formation  of  ethyl  nitrite  and 
simultaneously  oxidizes  the  alcohol  present  to  aldehyde,  &c., 
the  reaction  becoming  extremely  violent.  It  yields  a  vapour 
which  is  very  explosive. 

Ethyl  Hydrosulphide^  C2H5SH. — This  compound,  known 
as  Mercaptan,  is  thio-alcohol,  i.e.  alcohol  in  which  the 
oxygen  is  replaced  by  sulphur.  It  is  obtained  by  acting  on 
potassium  hydrosulphide,  HKS,  with  ethyl  chloride,  ethyl 
and  potassium  changing  places.  Mercaptan,  like  alcohol, 
can  exchange  its  typical  atom  of  hydrogen  for  metals  :  it 
forms  with  mercury  an  insoluble  compound.  Mercaptan  boils 
at  36°,  and  possesses  the  nauseous,  garlic-like  smell  charac- 
teristic of  all  the  organic  sulphur  compounds. 

Ethyl  Sulphide  (€2116)28. — This  compound  in  the  sulphur 
series  is  analogous  to  ether  in  the  oxygen  series  :  it  is 
obtained  by  acting  on  potassium  sulphide,  K2S,  with  ethyl 
chloride.  It  is  a  colourless  liquid,  boiling  at  91°,  and  pos- 
sessing a  strong  disagreeable  odour. 

Hydrogen  Ethyl-  Sulphate^  or  Ethylsulphuric  Acid, 
C2H6O.SO2.OH,  is  formed  when  alcohol  and  strong  sul- 
phuric acid  are  mixed.  It  acts  as  an  acid,  and  forms  salts  in 
which  the  typical  hydrogen  is  replaced  by  a  metal.  The 
ethyl-sulphates  of  the  alkalis  and  alkaline  earths  are  soluble 
salts,  and  crystallize  well. 

Diethyl  Sulphate^  (€2116)2804,  is  obtained  by  acting  upon 
alcohol  with  ethyl  chlorosulphonate  ;  it  is  a  body  which 
decomposes  on  distillation  and  on  addition  of  water. 

Ethyl  Phosphates  are  known  :    they  correspond  to  the 
phosphates  of  the  alkali-metals  in  containing  either  i,  2, 
or  3  molecules  of   ethyl,  replacing  hydrogen  in  tribasic 
*  osphoric  acid.     Thus  we  have  : 

Dihydrogen  Ethyl- 
Phosphate. 


C,H 


H, 


•    PO4; 


lydrogen  Diethyl- 

Triethyl 

Phosphate. 

Phosphate. 

C2H5) 

C^Hj) 

C2H5[-P04; 

C2H5  -PO4 

H  J 

C,H5J 
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Ethyl  Carbonate^  ^'^^^^Tn  corresponding  to  sodium 
carbonate,  NagCOj,  is  prepared  by  acting  upon  silver  car- 
bonate with  ethyl  iodide.  It  is  an  aromatic  liquid  boiling 
at  126°. 

Ethyl  Cyanates, — Two  ethyl  cyanates  are  known.     The 

C  H  1 
true  cyanate,   ^j^  >  O,  is  a  thick,  non-volatile  liquid,  formed 

by  the  action  of  cyanogen  chloride  on  sodium  ethylate.    The 
isomeric  compound,    ethyl  isocyanate  or  ethyl  carbimtde^ 

ro  f  N,  is  a  colourless  liquid,  boiling  at  60°,  and  possess- 
ing a  powerful  and  irritating  smell.  It  is  formed  by  distilling 
potassium  ethyl-sulphate  with  potassium  cyanate.  In  con- 
tact with  caustic  potash  it  forms  ethylamine : 


C2H5 
CO 


N  +  2gjo  =  C'H»}N-f|^}cO, 


C2H6) 
C2HJ 
C2H5) 


Ethyl  Borate^  C2H5  \  BOj,  is  a  colourless  liquid  which 
C2H5 

bums  with  a  bright  green  flame,  and  is  obtained  by  acting  on 
anhydrous  alcohol  with  boron  trichloride. 

Ethyl  Silicates. — Several  ethyl  compounds  of  silicic  acid 
are  obtained  by  the  action  of  silicon  tetrachloride  upon 
alcohol.  The  compound  (C2H6)4Si04,  corresponding  to 
normal  silicic  acid,  H4Si04,  is  a  volatile,  colourless  liquid, 
which  bums,  evolving  a  thick  white  smoke  of  silicon  dioxide. 


TRICARBON,  OR  PROPYL  SERIES. 

Primary  Propyl  Alcohol,  C3H7.OH,  has  been  found  in  the 
last  products  of  distillation  of  French  brandies ;  it  boils  at 
97°,  and  is  miscible  in  all  proportions  with  water,  but 
separates  on  addition  of  calcium  chloride  or  other  easily 
soluble  salt.  Propyl  alcohol  is  acted  upon  by  sulphuric  acid 
with  formation  of  hydrogen  propyl-sulphate,  C3H7.HSO4. 
The  propyl  compounds  closely  resemble  the  foregoing  ethyl 
series  of  bodies.  Primary  propyl  alcohol,  when  oxidized, 
yields  propionic  acid,  CgH^CCOH,  which  is  likewise  formed 
from  propionitrile  (see  p.  328). 
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Secondary  Propyl  Alcohol^  Isopropyl  Alcohol,  or  Dimethyl 
Carbinoly  (CH3)2CH.OH,  boils  at  84°,  and  is  best  prepared 
from  isopropyl  iodide,  which  is  obtained  by  the  action  of 
hydriodic  acid  upon  glycerol.  From  this  isopropyl  iodide 
we  can  prepa.e  propane  or  propyl  hydride  by  acting  on  it 
with  zinc  and  dilute  hydrochloric  acid  (i) ;  this  again  on 
treatment  with  chlorine  yields  the  primary  propyl  chloride 
(2) ;  and  this  last,  heated  with  acetate  of  sodium,  gives 
propyl  acetate,  from  which  primary  propyl  alcohol  can  be 
obtained  by  the  action  of  caustic  potash.  It  is  thus  possible 
to  obtain  a  primary  from  a  secondary  alcohol : 

Isopropyl  Iodide  and  Hydrogen  yield  Propane  and  Hydriodic  Acid. 
CHo  CHo 

I  I 

(I)  CHI       +       Hg         =         CHa       +       HI; 

CH3  CH3 

Propane  and  Chlorine  yield  Normal  Propyl  and  Hydrochloric 

Chloride.  Acid. 

CHo  CHj 

I  I 

(2)CHj       +       CI,        =        CH,        +         HCl. 

I  I 

CH3  CHjCI 


TETRACARBON,  OR  BUTYL  SERIES. 

By  acting  on  ethyl  iodide  with  zinc  in  a  sealed  tube  at  150°, 
zinc  iodide  and  a  hydrocarbon,  C4H,o,  called  normal  butane 
or  butyl  hydride,  are  formed. 

Normal  Butane  is  a  colourless  liquid,  boiling  at  -f  i**,  and 
is  the  lightest  of  all  known  liquids,  having  a  specific  gravity 
of  only  o*6oo.  This  volatile  hydrocarbon  also  exists  in  the 
light  oils  from  American  petroleum,  as  well  as  in  coal  oils. 
By  the  action  of  chlorine  upon  butane,  butyl  chloride  can  be 
obtained,  and  from  this  the  alcohol  itself  has  been  prepared. 
This  is  the  primary  alcohol,  as  it  yields  on  oxidation  normal 
butyric  aldehyde  and  butyric  acid. 

We  have  seen  (p.  285)  that  two  isomeric  paraffins,  C4H10, 
exist.  Derived  from  these,  four  isomeric  alcohols  are  known, 
2  primary,  i  secondary,  and  i  tertiary  alcohol,  viz. 
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'  (I) 
Normal  Butyl  Alcohol, 
or  Propyl  Carbinol. 

CH*.  C  Ho.  CHa.  CHo.  OH. 


(3) 

Methyl  Ethyl  Carbinol. 
CH,.CH^CH(OH).CH,. 


(2) 

Isobutyl  Alcohol,  or 

Isopropyl  Carbinol. 

CH,    CH, 

\/ 
CH 

I 
CH^OH. 

(4) 

Tertiary  Bu^I  Alcohol, 
or  I'rimethy I  Carbinol. 
CH, 

CH,— C.OH 

I 


CHj. 

(i)  Normal  Butyl  Alcohol  is  also  obtained  by  reduction  of 
butyric  acid.  It  possesses  an  alcoholic  smell  and  boils  at 
ii6°-8. 

(2)  Isobutyl  Alcohol  is  found  in  the  fusel-oil  from  beet-root, 
potatoes,  and  grain.     It  boils  at  109°. 

(3)  Methyl  Ethyl  Carbinol  is  obtained  from  the  correspond- 
ing iodide  derived  from  erythrol  (7/.  infra).  It  boils  at  99°. 

(4)  Trimethyl  Carbinol  is  contained  in  small  quantities  in 
fusel-oil,  and  is  also  formed  by  the  action  of  acetyl  chloride 
on  zinc  methyl.  It  is  a  white  crystalline  solid  melting  at  28° 
and  boiling  at  83°. 


PENTACARBON  SERIES. 

Three  isomeric  hydrocarbons  containing  five  atoms  of 
carbon  exist : 


CH3 

I 
CHj 

I 
(I)  CH2; 

I 
CHj 

CHu 


CH3  CHg 

(2)  CH.CH3;  (3)  CH3— C CHj. 

I  I 

CHo  CHo 

I 
CH3 


Derived  from  these  3  hydrocarbons,  8  isomeric  alcohols 
having  the  empirical  formula  C5H12O  can  be  obtained.  Four 
of  these  are  primary,  3  secondary,  and  i  a  tertiary  alcohol. 
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Normal  Pentane,  CgHjg,  is  found  in  petroleum  and  boils  at 
38°.  When  chlorine  acts  on  the  vapour  of  this  hydrocarbon 
a  mixture  of  primary  and  secondary  pentyl  chlorides  is 
formed.  This  mixture  when  heated  to  200°  with  potassium 
acetate  gives  two  pentyl  acetates,  and  these  when  boiled  with 
potash  yield  the  two  alcohols. 

Primary  normal  Pentyl  Alcohol ^  or  Normal  Amy  I  Alcohol^ 
CfiHiaO,  B.P.  137°,  is  also  obtained  from  pentylic  acid  by 
converting  it  first  into  the  aldehyde  and  then  into  the 
alcohol. 

Amy  I  Alcohol  ijsobutyl  carbinot)  occurs  commonly  as  the 
chief  constituent  of  the  fusel-oil  obtained  in  the  manufac- 
ture of  potato  brandy,  from  which  it  is  obtained  by  washing 
with  water  and  subsequent  rectification.  It  is  a  colourless 
liquid,  possessing  a  disagreeable,  penetrating  smell ;  it  mixes 
in  all  proportions  with  alcohol  and  ether,  but  requires  50 
parts  of  water  at  13°  for  complete  solution.  Amyl  alcohol 
boils  at  i3i°*4,  and  solidifies  .at  -  20°.  It  does  not  itself 
rotate  the  plane  of  polarized  light  but  is  always  accompanied 
in  the  fusel-oil  by  another  amyl  alcohol  (secondary  butyl 
carbinol),  which  turns  the  plane  to  the  left  and  boils  at  about 
128°. 


HIGHER  ALCOHOLS  AND  THEIR  COMPOUNDS. 

Normal  Hexyl  Alcohol^  Q^yfiy  is  contained  as  abutyrate 
in  the  essential  oil  of  heracleum  giganteum ;  it  boils  at  157°. 
Theory  points  out  the  possible  existence  of  seventeen  iso- 
merides,  eight  of  which  are  now  known.  The  corresponding 
hydrocarbon  hexane  is  contained  in  large  quantities,  to- 
gether with  heptane,  octane,  &c.,  in  American  petroleum. 

Heptyl  Alcohol^  C7HigO. — We  know  of  five  isomeric  hep- 
tanes, C7H1Q ;  from  these,  thirty-eight  possible  isomerides  of 
heptyl  alcohol  are  derivable,  and  of  these  no  less  than  thirteen 
are  now  known. 

Octyl  Alcohol^  CgHjgO,  is  contained  as  an  acetate  in  the 
essential  oil  of  the  seeds  of  heracleum  sphondylium.  Secon- 
dary octyl  alcohol,  or  methyl-hexyl-carbinol,  is  obtained  by 
heating  castor-oil  with  caustic  potash. 

The  higher  alcohols  may  be  prepared  from  their  hydrides 
or  paraffins  by  acting  upon  the  latter  with  chlorine,  giving 
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rise  to  the  chlorides  of  the  radicals ;  from  the  chlorides 
the  acetates  are  prepared,  and  from  the  acetates  the  alcohols 
themselves. 

Cetyl  Alcohol^  Cie^M^j  *s  found  combined  with  palmitic 
acid  in  spermaceti.  It  forms  a  white  solid  crystalline 
mass,  but  behaves  in  all  respects  as  an  alcohol ;  thus  it 
forms  a  chloride,  CjgHggCl ;  also  a  bromide  and  iodide  :  it 
likewise  yields  an  ether,  (CigHg3)20,  obtained  by  the  action  of 
cetyl  iodide  upon  potassium  cetylate  ;  and  a  compound  with 
sulphuric  acid,  CigH33.HS04.  Cetyl  alcohol  undergoes 
oxidation  when  heated  with  caustic  potash,  yielding  the 
corresponding  ?  -^id  in  which  one  of  oxygen  replaces  two  of 
hydrogen  of  the  alcohol : 

Cetyl  Alcohol  and  Potash  yield  Potassium  and  Hydrogen. 

Palmitate. 

CieHasOH    +  KOH  =  CieHjiOjK  +  2H^ 

This  palmitic  acid  bears  the  same  relation  to  cetyl  alcohol 
as  acetic  acid  does  to  common  or  ethyl  alcohol. 

Ceroty I  Alcohol,  C27H5QO,  is  contained  in  Chinese  wax: 
it  is  a  white,  solid,  crystalline  substance.  When  heated 
with  potash  it  undergoes  oxidation,  and  furnishes  an  acid 
called  cerotic  acid,  C27H54O2. 

Melissyl  Alcohol,  CgoHfigO,  is  a  solid  white  substance  con- 
tained in  beeswax :  when  fused  with  potash  it  forms  an 
acid  termed  melissic  acid,  CgoHgoOa. 


LESSON  XXXIII 

COMPOUNDS  DERIVED   BY  OXIDATION   FROM  THE 

ALCOHOLS 

The  general  reactions  which  take  place  when  the  alcohols 
are  oxidized  have  already  been  discussed  in  the  introduc- 
tion (p.  312).  The  following  are  the  most  important  reactions, 
by  means  of  which  the  monobasic  acids  can  be  obtained  : 

I.  From  the  primary  alcohol  having  the  same  number  of 
carbon  atoms,  by  direct  oxidation. 
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2.  From  Ihe  primary  alcohol  containing  one  atom  less 
carbon  as  follows : 

{a)  By  decomposition  of  the  alcoholic  nitrile  by  potash  ; 
thus,  propionitrile  yields  propionic  acid. 

{b)  By  acting  with  the  sodium  compound  on  carbon  di- 
oxide ;  thus,  sodium-ethyl  and  carbon  dioxide  yield  sodium 
propionate. 

3.  From  ethyl  acetoacetate  CH3.CO.CH2.CO2C2H5,  and 
ethyl  malonate  CH2(C02C2H5)2  by  a  method  which  will  be 
described  in  the  chapter  on  organic  synthesis. 


MONOCARBON,  OR  FORMYL  SERIES. 

Formic  Aldehyde,  or  Formaldehyde,  CH2O,  is  a  colourless 
gas  possessing  a  powerfully  irritating  smell.  It  is  formed 
when  the  vapour  of  methyl  alcohol  together  with  air  is  led 
over  a  red-hot  spiral  of  platinum  wire.  The  aldehyde 
rapidly  absorbs  oxygen,  and  passes  into  formic  acid. 

Formic  Acid,  CH2O2. — This  acid  occurs  ready  formed  in 
the  bodies  of  red  ants,  whence  its  name  ;  it  is  likewise  found 
in  stinging-nettles.  Formic  acid  is  obtained  by  the  oxidation 
of  methyl  alcohol,  as  well  as  of  sugar,  starch,  and  other  organic 
bodies.  It  is  formed  synthetically  by  acting  upon  potash 
with  carbonic  oxide  gas  at  100°  : 

Carbon  Monoxide  and  Potash  yield  Potassium  Formate. 
CO        +        HOK      =      CHO.OK. 

Also  when  carbon  dioxide  and  aqueous  vapour  are  acted  on 
by  potassium  : 

2COa  -h  Kj  +  H2O  =  CHO.OK  +  KHCOj. 

Formic  acid,  diluted  with  water,  can  be  best  prepared  by 
heating  crystallized  oxalic  acid  with  glycerol ;  monoformin, 
CH2(OCHO).CH(OH).CH2.0H,  is  first  formed,  and  by  the 
action  of  water  this  is  converted  into  glycerol  and  formic 
acid : 

CH,(0CH0).CH(0H).CH20H  +  HjO 

=  CHj(0H).CH(0H).CH8.0H  +  H.COOH 

In  order  to  obtain  formic  acid  in  the  pure  glacial  state,  free 
from  water,  dry  crystallized  lead  formate  is  decomposed  by  a 
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current  of  sulphuretted  hydrogen  gas,  lead  sulphide  and  formic 
acid  being  produced.  Formic  acid  is  a  colourless  liquid,  pos- 
sessing a  peculiarly  sharp  smell  and  strong  acid  taste.  It  boils 
at  loo',  and  solidifies  at  a  low  temperature  to  a  white  crystal- 
line mass  melting  at  8*6^ :  its  specific  gravity  at  o°  is  i'235, 
and  it  is  miscible  in  all  proportions  with  water.  Heated 
with  sulphuric  acid,  it  forms  water  and  pure  carbonic 
monoxide,  and  oxidizing  agents  convert  it  easily  into  carbon 
dioxide  and  water.  A  formate,  heated  with  excess  of  baryta, 
yields  an  oxalate : 

Formic  Acid  yields  Oxalic  Add  and  Hydrogen. 
2CH,0,     =     C,H,04      +      H^ 

Formic  acid  is  monobasic,  and  forms  well-cr>'stallized 
salts  called  Formates  :  all  the  formates  are  soluble  in  water. 
When  ammonium  formate  is  quickly  heated  it  decomposes 
into  hydrocyanic  acid  and  water  : 

CHO.ONH4  =  CNH  +  2H,0; 

whilst  on  the  other  hand  hydrocyanic  acid  takes  up  water  on 
continued  standing,  producing  ammonium  formate,  so  that 
hydrocyanic  acid  is  the  nitrile  of  formic  acid.  Formic 
acid  may  be  distinguished  from  acetic  acid  by  its  power  of 
reducing  metallic  mercury  and  silver  as  grey  powders  from 
their  nitrates  on  boiling. 

Formamide^  CHO.NH2. — Obtained  by  acting  on  ethyl 
formate  with  ammonia.  It  is  a  colourless  liquid,  boiling  at 
194^  with  partial  decomposition. 

DICARBON,  OR  ACETYL  SERIES. 

Acetic  Aldehyde^  or  Acetaldehyde^  C2H4O. — Acetaldehyde 
is  obtained  by  oxidizing  dilute  alcohol  with  a  mixture  of 
potassium  bichromate  and  sulphuric  acid.  It  may  also  be 
prepared  by  distilling  a  dry  mixture  of  acetate  and  formate 
of  calcium  : 

Acetic  Acid  and  Formic  Acid  yield  Aldehyde,  Water,  and  Carbon  Dioxide. 

|CH3  rn         _    5CH3  ^\^      (.Q 

Aldehyde  is  obtained  as  a  by-product  in  the  manufacture 
of  spirit,  where  it  comes  over  in  the  first  runnings,  and  can 
be  obtained  perfectly  pure  by  means  of  a  rectifying  column. 
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It  is  a  colourless  suffocating-smelling  liquid,  boiling  at  21° ; 
it  has  a  specific  gravity  of  o*8oi  at  0°,  and  mixes  in  all  pro- 
portions with  water,  alcohol,  and  ether.  Aldehyde  reduces 
metallic  silver,  in  the  form  of  a  bright  mirror,  from  solutions 
of  the  nitrate  ;  and  this  reaction  may  be  used  to  detect  the 
presence  of  the  substance,  CgH^O+AggO  =  2  Ag  +  C2H4O2. 
It  unites  directly  with  nascent  hydrogen  to  form  alcohol, 
C2H40-|-H3=C2HeO  :  it  forms  acetyl  chloride  when  treated 
with  chlorine,  and  acetic  acid  when  acted  upon  by  oxidizing 
agents.  As  its  formula  is  C3H4O,  it  can  no  longer  contain 
the  ethyl  group  C2H5,  nor  does  it  contain  the  hydroxyl  group, 
for  when  treated  with  phosphorus  pentachloride  we  do  not 
find  that  we  get  an  OH  group  replaced  by  an  atom  of  chlorine 
(p.  327),  but  instead  the  oxygen  atom  is  replaced  by  two 
atoms  of  chlorine,  forming  the  compound  ethidene  chloride 
C3H4CIJ,  which  is  also  obtained  by  the  action  of  chlorine  or 
ethane.  Now  ethidene  chloride  has  both  chlorine  atoms 
attached  to  the  same  carbon  atom,  and  it  would  therefore 
appear  that  the  oxygen  atom  they  have  replaced  must  be 
combined  with  one  atom  only.  This  leads  us  to  the  con- 
stitutional formula  CH3.CO.H,  which  also  agrees  very  well 
with  the  other  properties.  Thus  its  reduction  to  alcohol 
and  its  oxidation  to  acetic  acid  are  represented  as  follows 

CH,.CO.H    +  Hj  =  CH3.CH2.OH 
CH8.CO.H  +  O  =  CH3.CO.OH. 

The  group — C — H  or  — CH  =  0  is  characteristic  of  all 


O 
aldehydes  ;  it  is  however  a  group  which  readily  undergoes 
change,  and  has  an  especial  tendency  to  take  up  an  atom  of 
oxygen  and  pass  into  the  carboxyl  group,  to  which  it  owes 
the  power  of  separating  silver  and  mercury  from  solutions  of 
their  salts.  It  will  be  seen  that  this  group  also  occurs  in  the 
formyl  compounds  just  described,  which  accounts  for  the 
reducing  action  of  these  compounds. 

Aldehyde  is  capable  of  existing  in  other  forms,  or  of 
undergoing  polymeric  modifications.  If  it  is  preserved  in 
contact  with  excess  of  acid,  it  remains  unchanged ;  but  if 
it  be  pure,  it  soon  deposits  a  solid  substance  having  the  same 
composition  as  aldehyde,  and  t«rmed  Meialdehyde.     This 

z 
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substance  sublimes  unchanged  at  120°,  but  when  heated  to 
200°  in  a  closed  tube  it  again  forms  aldehyde.  Paraldehyde 
is  another  modification,  and  is  a  liquid  boiling  at  124°, 
having  a  vapour  density  of  4*58  corresponding  to  the 
molecular  formula  CgHjaOj,  or  3(C2H40).  Aldehyde  is  also 
isomeric  with  ethylene  oxide  (p.  357).  It  forms  a  crystalline 
compound  with  ammonia,  termed  aldehyde-ammonia^ 
C2H4O.NH3,  or  C2H4(OH).NH2,  and,  like  other  aldehydes, 
it  also  forms  a  crystalline  compound,  C2H40,NaHS03,  with 
acid  sodium  sulphite,  which  may  be  used  for  its  separation 
from  other  bodies. 

Chloral^  CCI3.CHO. — This  substance  may  be  considered  as 
aldehyde,  in  which  3  of  chlorine  take  the  place  of  3  of 
hydrogen,  as  trichloracetic  acid  is  formed  on  its  oxidation. 
It  resembles  aldehyde  in  many  properties,  such  as  forming  a 
crystalline  compound  with  ammonia,  and  reducing  an  am- 
monical  silver  solution.  Chloral  is  obtained  by  the  continued 
action  of  chlorine  upon  alcohol ;  it  is  a  colourless,  powerfully 
smelling  liquid,  boiling  at  99°.  With  water,  chloral  forms 
chloral  hydrate^  CCl3.CH(OH)2,  a  solid  crystalline  substance 
now  largely  used  in  medicine  for  procuring  quiet  sleep.  Its 
action  possibly  depends  upon  the  fact  that  in  presence  of  the 
alkalis  contained  in  the  blood  chloral  hydrate  gradually 
changes  to  chloroform  : 

CCI3.CHO  +  KOH  =  CHCI3  +  CHO.OK. 

Chloral  and  potash  give  chloroform  and  potassium  formate. 


Acetic  Acid,  C2H4O2. 

Dilute  acetic  acid  has  been  known  as  vinegar  from  very 
early  times  ;  it  occurs  in  the  juices  of  certain  plants  and 
vegetables,  but  only  in  small  quantities.  The  most  important 
modes  of  preparing  acetic  acid  are  :  (i)  the  method  generally 
practically  employed,  by  the  oxidation  of  alcohol ;  (2)  the 
theoretically  interesting  processes — ist,  by  the  direct  com- 
bination of  carbon  dioxide  and  sodium  methyl : 

CHjNa  +  CO2  =  CHg.COjNa. 

and  2nd,  by  the  action  of  potash  on  acetonitrile  : 

CII3.CN  +  2H2O  =  CH3.CO.OH  +  NH3. 
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(3)  Acetic  acid  is  also  prepared  on  a  large  scale  by  the  dry 
distillation  of  wood ;  the  crude  acid  thus  obtained  is 
commonly  called  Pyroligneous  acid. 

The  process  by  which  alcoholic  liquids  (beer  or  wine)  yield 
acetic  acid  on  oxidation  is  termed  the  Acetous  Fermentation 
(see  later,  under  Fermentation)  :  the  liquids  are  exposed  to 
the  air  at  a  temperature  of  about  25°  for  a  fortnight,  when 
the  alcohol  is  changed  to  vinegar.  This  change  is  brought 
about  by  the  presence  of  a  peculiar  vegetable  growth  {myco- 
derma  acett),  which  floats  on  the  surface  of  the  liquid,  first 
absorbing  the  oxygen,  and  then  giving  it  up  to  the  alcohol. 

Acetic  acid  in  the  pure  state  is  obtained  by  heating  sodium 
acetate  with  strong  sulphuric  acid  ;  it  is  a  colourless  liquid, 
boiling  at  118°  and  solidifying  to  an  icelike  mass  at  17°; 
hence  the  name  of  glacial  acetic  acid  has  been  gfiven  to  it. 
It  possesses  a  peculiar  sharp  smell,  and  has  a  strong  acid 
taste  ;  it  mixes  in  all  proportions  with  water,  but  when  dis- 
tilled the  mixture  has  no  definite  boiling  point ;  the  residue 
becomes  stronger  until  glacial  acid  remains.  Acetic  acid 
may  be  recognized  by  its  smell,  and  by  the  formation  of 
ethyl  acetate ;  also  by  the  production  of  cacodyl  (p.  348) 
when  an  acetate  is  heated  with  arsenic  trioxide.  Acetic  acid 
is  mono-basic,  and  forms  a  series  of  well-defined  salts  termed 
Acetates,  The  acetates  of  the  alkalis  are  soluble  crystallizable 
salts.  Aluminium  and  ferric  acetates  are  soluble  compounds 
used  in  large  quantities  as  mordants  by  dyers  and  calico- 
printers  under  the  commercial  names  of  Red  Liquor  and  Iron 
Liquor,  Lead  acetate,  or  sugar  of  lead,  and  copper  acetate^  or 
verdigris,  are  the  most  important  compounds  of  acetic  acid 
with  the  heavy  metals.  The  radicals  methyl  and  ethyl,  &c., 
can  be  substituted  for  the  atom  of  typical  hydrogen  in  acetic 
acid,  forming  the  ethereal  salts. 

Ethyl  Acetate^  CgHgO.CgHgO,  is  prepared  by  distilling  an 
acetate  with  a  mixture  of  sulphuric  acid  and  alcohol.  It  is 
a  colourless  pleasant-smelling  liquid,  boiling  at  77°. 

Amyl  Acetate,  CgHuO.CgHgO,  is  prepared  by  distilling 
common  amyl  alcohol  with  sodium  acetate  and  sulphuric 
acid.  It  boils  at  137°,  and  has  a  smell  resembling  that  of 
Jarganelle  pears,  and  is  therefore  used  as  a  flavouring  for 
cheap  confectionery. 

Z  2 
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Acetyl  Chloride^  C2H,OCl,  is  obtained  by  the  action  of 
phosphorus  trichloride  upon  acetic  acid  : 

2PCI,  +  sCjHjO.OH  =  PjO,  +  3CjH,O.Cl  +  3HCL 

It  is  a  colourless  liquid,  fuming  strongly  in  the  air,  and 
boiling  at  50*9°.  Like  other  acid  chlorides  it  is  quickly  de- 
composed by  water,  yielding  acetic  and  hydrochloric  acids ; 
treated  with  alcohols,  it  yields  the  acetates,  for  the  preparation 
of  which  it  is  frequently  used.  The  corresponding  bromide 
and  iodide  are  known. 

Acetyl  Oxide,  (€21130)20,  or  Acetic  Anhydride^  is  a 
colourless  liquid,  boiling  at  138°,  formed  by  the  action  of 
phosphorus  oxy chloride,  or  acetyl  chloride,  upon  sodium 
acetate ; 

4CjH302Na  +  POClj  =  2(C2HsO)aO  +  3NaCl  +  NaPO, 

It  forms  with  water  two  molecules  of  acetic  acid. 

Chlor acetic  Acids. — Chlorine  acts  upon  acetic  acid,  re- 
placing one,  two,  or  three  atoms  of  the  hydrogen  of  the 
radical  acetyl  by  chlorine ;  we  thus  obtain  monochloracetic 
d:^*^,  CH2CI.COOH  ;  die Aloracetic  acidyCHCl^^CO OH  ;  and 
trichloracetic  acid,  CCI3.COOH.  These  three  bodies  are 
crystalline  solids  :  the  first  fuses  at  62**,  and  boils  at  186°; 
the  second  boils  at  191°,  whilst  the  third  melts  at  523°  and 
boils  at  195°.  They  form  salts  analogous  to  the  acetates,  and 
yield  acetic  acid  by  the  action  of  nascent  hydrogen. 

Thiacetic  Acid,  C2H3O.SH. — This  substance  stands  to 
acetic  acid  in  the  same  relation  as  mercaptan  to  alcohol 
(P-  329)  ;  it  is  prepared  by  the  action  of  pentasulphide  of 
phosphorus  on  acetic  acid. 

P2S5  +  SCoH^Oj  =  P0O5  +  5C2H3O.SH. 

It  is  a  colourless  liquid,  possessing  a  peculiarly  nauseous 
smell,  and  boiling  at  93^  The  anhydride,  (C2H30)2S,  is  also 
known. 

Acetyl  Peroxide,  qykq  \  ^2>  ^^  a  remarkable  compound 

obtained  by  the  action  of  barium  dioxide  upon  acetyl  oxide. 
It  is  a  thick  liquid,  possessing  energetic  oxidizing  properties, 
and  on  heating  decomposes  with  explosive  violence. 
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Acetamide^  CgHjO.NHj,  is  obtained  by  the  action  of 
ammonia  upon  ethyl  acetate  by  an  exchange  of  acetyl  for 
hydrogen : 


C2H3O 
C3H5 


}0  +  h|n=      H     JN  +  ^HJo. 


It  is  also  formed  by  the  action  of  ammonia  on  acetyl 
chloride,  and  by  the  dry  distillation  of  ammonium  acetate. 
Acetamide  is  a  colourless  solid,  melting  at  78°  and  boiling  at 


222°. 


Diacetamide^  NH(C2H30)2,  and  Trtacetamtde^  N  (€21130)3, 
are  also  known.  Corresponding  compounds  are  likewise 
formed  from  the  chloracetic  acids. 

The  Fulminates 

are  compounds  of  fulminic  acid,  a  body  which  has  not  yet 
been  isolated,  whose  constitution  is  as  yet  uncertain. 
Silver  fulminate,  Ag2C2N202,  is  formed  by  the  action  of 
alcohol  on  a  solution  of  silver  in  nitric  acid  : 

CjHgO  +  2AgN03  +  NjO,  =  AgaCjNjOa  +   2HNO,  +  2HjO. 

It  crystallizes  in  small  white  needles  which  explode  most 
violently  on  heating  or  on  percussion.  Mercury  fulminate^ 
HgC2N202,  is  prepared  on  the  large  scale  by  dissolving 
mercury  in  nitric  acid  and  adding  alcohol.  It  is  a  very 
dangerous  substance,  and  is  used  for  filling  percussion  caps. 


Acetone^  or  Dimethyl  Ketone^ 

{CH 
^TT^* — This  compound  is  formed  by  the  oxidation 

of  secondary  propyl  alcohol,  as  well  as  by  replacing  the 
chlorine  in  acetyl  chloride  by  methyl : 

(CH3)2Zn  +  2C2n30.Cl  =  2C2H3O.CH,  +  ZnClj. 

It  is  also  obtained  by  the  distillation  of  calcium  acetate, 

or  by  passing  the  vapour  of  acetic  acid  through  a  red-hot 

tube. 

2CH3.CO.OH  =  CH3.CO.CII3  +  HjO  +  COj. 

Acetone  is  a  colourless  liquid,  boiling  at  56*^,  and  forming. 
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like  aldehyde,  a  crystallizable  compound  with  hydrogen 
sodium  sulphite.  By  the  action  of  sodium  amalgam  on  a 
mixture  of  water  and  acetone,  two  atoms  of  hydrogen  are 
taken  up,  and  secondary  propyl  alcohol  is  formed  (p.  331)  : 

CH^CO.CH,  +  H,  =  CH,.CH(OH).CH,. 

Under  -certain  conditions,  however,  the  reaction  takes 
place  in  a  different  manner,  two  molecules  of  acetone  uniting 
in  the  following  maifner  forming  a  substance  termed  pina- 
cone: 

(CH,)a  :  CO        H        (CH,),  :  C.OH 

+     I     =  I 

(CH,),  :  CO        H        (CH,),  :  C.OH. 

Ketones  may  also  be  prepared  synthetically  from  ethyl 
acetoacetate,  in  a  manner  which  will  be  described  in  the 
chapter  on  organic  synthesis. 

HIGHER  FATTY  ACIDS. 

The  names,  composition,  and  boiling  points  of  these  acids 
have  already  been  given  (p.  315).  In  their  general  charac- 
teristics they  closely  resemble  the  first  two  of  the  series, 
formic  acid  and  acetic  acid.  They  occur  in  many  natural  fats, 
in  combination  with  glycerol,  from  which  they  are  separated 
by  treatment  with  alkalis,  whereby  salts  of  the  fatty  acids 
(soaps)  and  glycerol  are  fonned. 

These  acids  may  be  prepared  synthetically  by  the  following 
important  reactions:  (i)  by  the  direct  combination  of  carbon 
dioxide  with  the  sodium  compound  of  the  next  lower  alcohol 
radical  (p.  338) ;  (2)  by  the  action  of  potash  on  the  cyanide  of 
the  next  lower  alcohol  radical  (p.  338) ;  and  (3)  from  ethyl 
acetoacetate  and  ethyl  malonate  in  the  manner  described  in 
the  chapter  on  organic  synthesis.  Those  containing  less 
than  ten  atoms  of  carbon  are  for  the  most  part  oily  liquids 
slightly  soluble  in  water,  easily  in  alcohol,  and  each  forms 
a  well-defined  series  of  salts.  The  higher  members  of 
the  series,  especially  palmitic  and  stearic  acids,  occur  in  all 
fatty  bodies  ;  ihey  are  solid  substances  and  are  obtained  by 
decomposing  soaps  made  from  palm-oil  or  beef-suet,  which 
consist  of  sodium  or  potassium  palmitate  and  stearate  (see 
Fats).    These    acids  form  anhydrides,  compoimd  ethers, 
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chlorides,  aldehydes,  amides,  and  ketones,  corresponding 
in  constitution  and  in  general  chemical  character  with  the 
same  compounds  in  the  acetyl  series.  For  the  description 
of  the  properties  of  these  compounds  the  third  volume  of 
the  Treatise  on  Chemistry^  must  be  consulted. 

It  is,  however,  necessary  to  remember  that  a  large  number 
of  isomeric  compounds  exist  in  the  acid  as  well  as  in  the 
alcohol  series.  These  iso-acids  are  derived  from  the  corre- 
sponding primary  iso-alcohols.  The  isomeric  hydrocarbons, 
alcohols,  and  acids  of  the  4-carbon  series,  are  as  follows : 


Normal  Butane. 

CHo 

I 
CH, 


Normal  Butyl 
Alcohol. 
CHo 

I 
CHj 


Normal  Butyric 
Acid. 

CH, 


CH, 


CHa 

I 
CHj 

Isobutane. 

(Tri.nethyl  methane). 

CH3CH3 

\/ 

CH 

I 
CH3 


CH, 

I 
CHjOH 

Fermentation 
Butyl  Alcohol. 

CH3CH8 

CH 

I 
CHjOH 


CH, 

I 
COOH 

Tertiary  Butyl 

Alcohol. 

CH3CH3 

COH 

I 
CH, 


Secondary  Butyl 
Alcohol. 
CH, 

CH, 

I 
CHOH 

I 
CH, 

Isobutyric 
Acid. 

CH,CH3 

CH 

I 
COOH 


Butyric  Acid,  C4Hg02,  is  found  together  with  other  fatty 
acids  combined  with  glycerol  in  butter.  It  is  best  prepared 
by  the  fermentation  of  sugar  mixed  with  putrid  cheese  and 
chalk.     It  boils  at  163°. 

Ethyl  butyrate,  C4H702.C2H5has  a  pleasant  fruit-like  odour, 
and  is  used  as  a  flavouring  for  cheap  confectionery  and  rum. 

Isobutyric  Acid,  (CH3)2CH.COOH,  boils  at  155°.  It  occurs 
in  the  carob  bean,  and  is  prepared  by  the  oxidation  of  iso- 
butyl  alcohol,  or  by  acting  on  isopropyl  iodide  with  potassium 
cyanide,  and  treating  the  nitrile  thus  obtained  with  caustic 
potash. 


(CH3)2CH.I 

Isopropyl  iodide. 


(CH3),,CH.CN 

Isobutyronitrile. 


(CH3)2CH.CqOH 

Isobutyric  acid. 


Valeric  Acid,  C6H10O2,  occurs  in  Valerian  root.     It  can  be 

1  Treatise  on  Chemistry,  by  Roscoe  and  Schorlemmer,  vol.  iii.  part  i.  pp. 
560-695  (Macmillan  and  Co.). 
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prepared  by  oxidizing  fermentation  amyl  alcohol  with  chromic 
acid,  or  by  acting  on  potassium  isobutylsulphate  with  potas- 
sium cyanide,  and  treating  the  valeronitrile  thus  obtained 
with  caustic  potash.  Valeric  acid  is  therefore  isopentylic 
acid  (CH3)jCH.CH2.COOH. 

Palmitic  Acid^  ^\^^ii  2ind  Stearic  Acid^  CigHggOo,  are 
the  most  important  of  the  remaining  members  of  this  series  ; 
thtir  compounds  with  glycerol  form  the  chief  constituent  of 
solid  fats.  The  ordinary  stearin  candles  consist  almost  en- 
tirely of  a  mixture  of  these  two  acids. 


LESSON  XXXIV 

Compounds  of  the  Alcohol  Radicals  with  the  Nitro- 
gen (Triad)  Group  of  Elements.— N.  P.  As.  Sb.  1  i. 

Nitrogen  Bases 

Compound  Alcoholic  Ammonias. — The  constitution  of  the 
primary  monamines,  as  Ethylamine^  C2H5NH2 ;  secondary 
monamines,as  DiethylaminCy  (C2H6)2NH,  and  tertiary  mona- 
mines,  as  Triethylamine,  (C2H5)3N,  have  already  been  men- 
tioned (p.  311).  These  bodies  are  volatile  without  decomposi- 
tion ;  they  all  have  a  strong  alkaline  reaction  and  ammonia- 
cal  smell,  and  combine  with  HCl,  &c.,  to  form  salts.  These 
compound  ammonias  are  formed  in  many  ways,  of  which 
the  most  important  are — 

1.  By  the  action  of  caustic  alkalis  on  the  iso-cyanates  of 
the  alcohol  radicals  (see  p.  330). 

2.  By  the  direct  combination  of  the  nitriles  with  nascent 
hydrogen  ;  thus  acetonitrile  yields  propylamine : 

CaHfi.CN  +  2H2  =  C2H5.CH2.NHj. 

3.  By  the  action  of  tjhe  iodides  of  the  alcohol  radicals  on 
ammonia,  we  obtain  the  iodide  of  the  compound-ammonium, 
which,  when  treated  with  potash,  yields  the  compound  am- 
monia ; 

Ethyl  iodide  and        Ethylammonium  iodide. 
Ammonia  give 

C2H5I  +  NH3  =  CgHg-NH^jn. 
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Ethyl  iodide  acts  similarly  on  ethylamine,  giving  rise  to 
diethylammonium  iodide  : 

C2H5I  +  C2H5.NH2  =  (CjH6)2NH,HI; 

and  also  acts  upon  diethylamine  in  the  same  way,  giving  rise 
to  triethylammonium  iodide : 

C2H5I  +  (C,H5),HN  =  N(C,H8)8HI. 

Ethyl  iodide  also  combines  with  triethylamine  to  form  tetra- 
ethyl-ammonium  iodide,  N(C2H6)4l.  The  above  reactions 
do  not,  however,  occur  in  the  simple  manner  here  described, 
for  all  these  compounds  are  formed  together  when  ethyl 
iodide  acts  on  ammonia.  The  compounds  of  mono-,  di-,  and 
tri-ethylamine  with  hydriodic  acid  are  decomposed  by  caustic 
potash,  and  the  volatile  compound  ammonias  liberated.  .  The 
case  of  the  tetra-ethyl-ammonium  iodide  is  different,  as  it  is 
not  decomposed  by  potash,  but  yields,  when  treated  with 
moist  silver  oxide,  a  hydrated  oxide,  which  does  not  volatilize 
without  decomposition,  and  is  analogous  in  constitution  and 
similar  in  properties  to  caustic  potash : 

Tetra-ethyl-ammonium  Potassium 

Hydroxide.  Hydroxide. 

(CjH6)4N(OH).  K(OH). 

By  acting  on  ethylamine  with  other  iodides,  such  as  methyl 
iodide,  mixed  amines  can  be  prepared.  The  hydrochlorides 
of  compound  ammonias  form  more  or  less  insoluble  double 
salts  with  platinic  chloride ;  the  larger  the  number  of  or- 
ganic radicals  contained,  the  more  soluble  is  the  platinum 
salt.  Their  sulphates  also  form  alums  with  aluminium 
sulphate,  which  are  isomorphous  with  ordinary  alum. 

4.  By  acting  on  acid  amides,  such  as  acetamide,  Cfl3.C0. 
NH2  with  bromine,  adding  caustic  potash  and  distilling,  the 
amide  is  first  converted  into  the  bromamide  CH3.CO.NHBr, 
which  loses  hydrogen  bromide  forming  the  isocyanate  : 

CH3.CO.NHBr  -  HBr  =  CO  :  N.CH3. 

the  latter  is  then   decomposed  by  caustic  potash  in  the 
manner  already  described  in  (i). 

CO  !  N.CH3  +  H2O  =  CO,  +  CHj-NHj,. 
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Methylatnine^  CH3NH2,  occurs  in  herring  brine,  and  may 
be  obtained  by  the  action  of  nascent  hydrogen  on  prussic 
acid.  It  is  a  colourless,  condensible  gas,  possessing  a  strong 
ammoniacal  smell  and  powerful  alkaline  reaction.  J,ooo 
volumes  of  this  gas  dissolve  in  one  volume  of  water  at  15°, 
so  that  it  is  even  more  soluble  than  ammonia.  It  closely 
resembles  ammonia,  but  may  be  distinguished  from  it  by 
being  readily  inflammable,  burning  with  a  yellow  flame. 
Methylamine  is  now  made  on  a  large  scale  by  distilling  the 
vinasse  or  residue  left  in  the  manufacture  of  beet-root  sugar. 
It  is  chiefly  used  for  preparing  methyl  chloride,  which  is 
employed  in  the  manufacture  of  coal  tar  colouring  matters. 

Ditnethylatnine^  (CIl3)2NH,  is  also  a  colourless  gas,  smell- 
ing like  ammonia,  and  liquefying  at  +8° 

Trimethylaminey  (CH3)3N,  boils  at  9°*3,  and  has  a  strong 
ammoniacal  and  fish-like  smell.  It  occurs  in  the  flowers  of 
certain  plants,  such  as  the  hawthorn  and  pear,  as  well  as  in 
many  animal  fluids,  particularly  in  herring-brine.  It  com- 
bines with  methyl  iodide  to  form  tetramethylammonium 
iodide^  {flW^^  NI.  If  to  this  we  add  freshly  precipitated 
silver  oxide,  a  strongly  caustic  solution  of  tetramethylam'' 
tnonium  hydroxide^  (CH3)4N.OH,  is  obtained. 

Trimethylamine  is  metameric  with  methylethylamine  and 
propylamine.  These  metameric  bodies  can  be  distinguished 
by  ascertaining  how  many  atoms  of  the  replaceable  hydrogen 
of  the  original  ammonia  they  contain. 

The  ethylamines  closely  resemble  the  foregoing  compounds. 
Ethylamine,  (C2H6)NH2,  boils  at  i8°7  ;  diethylamine,  (CaHg), 
NH,  at  57°  ;  and  triethylamine,  (QH5)3N,  at  91°. 

Thiocarbimides. — When  a  primary  amine  is  brought  to- 
gether with  carbon  disulphide  a  thiocarbimic  acid  is  formed : 
the  silver  salt  of  this  acid  when  heated  with  water  yieids  a 
thiocarbimide  : 

^CSI^^^^CH,   =   ^n{^^»  +  Ag,S  +  H,S. 

Methyl  thiocarbimide  is  a  white  crystalline  mass  melting 
at  34°  and  boiling  at  1 19°.  These  compounds  are  also  termed 
mustard-oils,  because  the  similar  compound  of  the  radical 
allyl  {v.  infra)  is  the  oil  of  mustard,  and  all  these  bodies  have 
a  sharp  smell  resembling  mustard. 
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Phosphorus  Bases, 

Phosphine,  PHg,  possesses  only  feeble  basic  powers,  and 
the  compound  it  forms  with  hydriodic  acid,  PH4I,  readily 
decomposes.  But  by  replacing  the  hydrogen  in  phosphine 
by  alcohol  radicals,  this  body  yields  stable  compounds 
corresponding  to  the  amines.  These  are  the  phosphorus 
bases  or  phosphines.  They  are  divided  into  primary, 
secondary,  and  tertiary  compounds  :  thus  triethylphos- 
fhiney  P(C2H6)3,  is  obtained  by  acting  upon  zinc  ethyl  with 
phosphorus  trichloride,  the  chlorine  changing  places  with 
ethyl. 

Triethylphosphine  is  a  colourless  liquid,  boiling  at  I27*''5, 
and  possessing  a  powerful  and  disagreeable  smell.  It  com- 
bines directly  with  oxygen,  sulphur,  and  chlorine,  in  this 
respect  differing  from  the  foregoing  nitrogen  bases.  With 
ethyl  iodide  it  combines  and  forms  iodide  of  tetra-ethyl-phos- 
phonium  iodide,  P(C2H6)4l,  from  which  a  strongly  caustic 
hydroxide,  analogous  to  the  corresponding  nitrogen  com- 
pound, can  be  obtained  by  the  action  of  silver  oxide. 

The  other  compound  phosphorus  bases,  viz  :  Ethyl 
phosphine^  C2H5.PH2,  and  diethyl  phssphine^  {(Z^^^^y 
have  been  obtained  by  a  different  reaction,  viz.,  by  acting 
upon  phosphonium  iodide,  PH4I,  with  ethyl  iodide  in 
presence  of  zinc  oxide.  Both  the  above  compounds  are 
formed  simultaneously  in  combination  with  hydriodic 
acid  : 

(i)  ZnO  +  2CaH6l  +  2PHJ  =  2(CsH6.PH2.  HI)  +  Znl,  +  HgO. 
(2)  ZnO  +  2CaH5l  +  PH4I  =  (CaH6)2PH.HI  +  Znl,  +  H2O. 

The  mixture  is  sealed  up  in  glass  tubes  and  heated  for 
several  hours  to  1 50°,  when  a  crystalline  mass  is  formed.  By 
the  action  of  water  upon  the  crystalline  mass  the  ethyl 
phosphine  is  liberated  as  a  volatile  colourless  liquid  boiling 
at  25°  and  possessing  a  most  powerful  and  nauseous  odour : 
the  further  action  of  alkalis  liberates  the  diethyl  phosphine. 
This  is  also  a  colourless  liquid,  boiling  at  85°,  and  possessing  a 
strong  smell,  different  from  that  of  the  preceding  compound. 
Both  these  phosphines  combine  with  the  greatest  avidity 
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with  acids,  and  also  with  oxygen  and  sulphur,  to  form  definite 
compounds. 

Methyl phosphine^  CHjPHj,  has  also  been  prepared;  at 
the  ordinary  temperature  it  is  a  colourless  gas,  in  this  respect 
resembling  phosphuretted  hydrogen,  PHg. 

The  following  table  shows  the  similarity  between  amines 
and  phosphines : 


I  Ammonium  iodide     .    .    . 
Monethylammonium  iodide 
Diethylammonium 
Triethylammonium 
Tetraethylammonium   ,, 

g  /  Phosphonium  iodide     .    .    . 
.S  \  Monethylphosphonium  iodide 
'a,  \  Diethylphosphonium 
o  f  Triethylphosphonium 


•c 


£     Tetraethylphosphonium  „ 


Arsenic  Bases, 


.  NH4I. 
.  N(CjH5)H,T. 
.  N(C,H5),H,I. 
.  N(C2H5),HI. 
.  N(C,H5)J. 

.  PH4I. 

.  P(C,H5)H,I. 

.  P(C2H5)2HjL 

.  P(C,H5),HL 
.  P(C2H5)J. 


The  compounds  of  arsenic  with  the  alcohol  radicals  differ 
somewhat  in  constitution  from  the  foregoing,  inasmuch  as  we 
are  acquainted  in  the  methyl  series  with  compounds  of  the 
following  ;  (i)  trimethylarsine^  {Q\{^^K%  ;  (9)  arsendimethyly 
(CH3)2As ;  (3)  arsenmonomethyl,  CHgAs.  The  first  of 
these  is  constructed  on  the  type  of  ammonia,  and  the  two 
latter  combine  directly  with  one  and  two  atoms  of  chlorine 
respectively,  and  then  form  compounds  belonging  to  the 
general  type,  N  H3.  We  thus  have  the  following  compounds 
known : 

Arsenic  trihydride AsH,. 

Trimethylarsine As(C  113)3. 

Arsendimethyl  chloride As(C  113)3.  CI. 

Arsenmonomethyl  dichloride    ....  ASCH3.CI2. 
Arsenic  trichloride AsClg, 

Trimethylarsine  is  a  colourless  liquid,  boiling  at  120°, 
formed  by  the  action  of  methyl  iodide  on  an  alloy  of  sodium 
and  arsenic  ;  it  corresponds  to  trimethylamine  and  trimethyl 
phosphine. 

Arsendimethyl  or  Cacodyl,  As2(CH3)4. — This  substance, 
together  with  its  oxide,  (CH3)2As.O.As(CH3)2,  is  formed  on 
heating  arsenic   trioxide  with  potassium  acetate    and  an 
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alkali.  Cacodyl  is  a  colourless  liquid,  boiling  at  170°,  which 
takes  fire  in  contact  with  the  air.  It  is  extremely  poisonous, 
and  possesses  a  most  disagreeable,  garlic-like  smell,  and 
must  be  prepared  with  g^eat  care.  It  combines  with  chlorine, 
oxygen,  &c.,  and  plays  the  part  of  an  organo-metallic  radical. 
Free  cacodyl  is  AsgCC  113)4,  ^^^^  ^^^  monad  radical  which 
enters  into  combination  is  only  half  this,  viz.,  (CH3)2As. 
One  of  the  most  important  compounds  is  cacodylic  acid, 
(CH3)2AsO(OH) ;  it  is  soluble  in  water,  and  is  not  poisonous. 
The  formation  of  cacodyl  and  its  oxide,  in  the  mode  de- 
scribed, may  be  used  as  a  delicate  test  for  the  presence  of 
arsenic,  from  the  strong  and  characteristic  odour  of  this 
body. 

Antimony- Bases. — By  acting  on  ethyl  iodide  with  an  alloy 
of  antimony  and  potassium,  a  compound  called  triethyl- 
stibine^  (C2H5)3Sb,  has  been  prepared  ;  it  is  a  colourless 
liquid,  boiling  at  158°,  which  takes  fire  and  bums  in  contact 
with  the  air.  It  forms  compounds  with  oxygen,  sulphur,  and 
chlorine. 

Bismuth  forms  an  analogous  compound,  triethylbismuthinc^ 
(C2H5)3Bi. 

Compounds  of  Alcohol  Radicals  with  other 

Elements. 

Sodium-ethyl^  NaC2H6,  has  not  isolated,  but  forms  the 
double  compound,  NaC2H6-l-Zn(C2H6)2.  As  already  men- 
tioned it  is  converted  by  carbon  dioxide  on  heating  into 
sodium  propionate. 

CgHgNa  -f-  COj  =  CaHg.COjNa. 

Zinc-ethyl^  Zn(C2H5)2.  This  substance,  which  is  the  most 
important  of  the  organo-metallic  compounds,  is  obtained  by 
the  action  of  zinc  on  ethyl  iodide ;  the  first  action  is  the 
formation  of  a  non-volatile  crystalline  compound  of  the  two 
substances,  which  when  more  strongly  heated  decomposes 
as  follows : 

2C2H.5ZnI  =  Znia  +  Zn(C2H5)2. 

It  is  a  colourless  liquid,  boiling  at   118°,  and  takes  fire 
spontaneously  on  exposure  to  air  or  oxygen,  burning  with 
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a  greenish  flame  ;  on  slow  oxidation  it  yields  zinc  ethylate^ 
Zn(OC2H6)2.  Zinc  ethyl  is  a  most  valuable  reagent,  and  is 
used  for  the  preparation  of  many  other  compounds  of  alcohol 
radicals  with  the  elements.  Zinc-methyl  and  Zinc-amyl  are 
also  known. 

Mercuric-ethyl^  Hg(C2H5)2,  is  prepared  by  treating  mer- 
curic chloride  with  zinc  ethyl,  or  by  the  action  of  sodium 
amalgam  on  ethyl  iodide  containing  ethyl  acetate. 

Hg  +  Nag  +  2C2H5I  =  HgCCaHg)^  +  2NaI. 

The  action  of  the  ethyl  acetate  is  at  present  unexplained  ;  it 
may  be  recovered  unaltered  at  the  end  of  the  operation. 
Mercuric-ethyl  is  a  colourless  liquid  which  boils  at  159°,  and 
a  deadly  poison. 

Boron-triethyly  B(C2H5)3,  is  obtained  by  acting  on  ethyl 
is  borate  with  zinc-ethyl. 

2(C3H60)3B  +  3Zn(C2H6)a  =  2(C2H5)3B  +  3Zn(OCjH6)2. 

It  is  a  colourless  liquid  boiling  at  95°,  possesses  a  very 
powerful  acrid  smell,  and  takes  fire  on  exposure  to  the  air, 
burning  with  a  green  flame. 

Silicon-ethyl^  (C2H6)4Si,  is  obtained  by  the  action  of  zinc- 
ethyl  on  silicon  tetrachloride  :  it  is  a  colourless  liquid  which 
boils  at  150°,  and  is  not  attacked  by  nitric  acid.  It  is  acted 
on  by  chlorine,  a  monochlorinated  product,  SiC8Hi9Cl, 
being  first  obtained.  This  substance  acts  as  the  chloride 
of  a  monad  radical :  thus  when  heated  with  acetate  of  potash 
it  yields  an  acetate,  and  this  on  treatment  with  potash 
forms  a  colourless  liquid  smelling  like  camphor,  and  acting 
as  an  alcohol,  having  the  formula  SiC8H2oO.  Hence 
silicon-ethyl  may  be  regarded  as  a  nonyl  hydride,  Cgllgo,  in 
which  one  atom  of  (tetrad)  carbon  has  been  replaced  by  one 
of  (tetrad)  silicon. 

Nonyl  hydride C(C2H6)4. 

chloride C(C2H5)3(C2H4C1). 

acetate C(C2ll5)3(C2H40.C2H30). 

alcohol C(C2H5)3(C2H4.0H). 


>> 

>> 


B.P. 
o 


Silico-nonyl  hydride  .  .  .  Si(C2H6)4  150 

chloride  .  .  Si(C2H5)3(C2H4CI)  187 

acetate    .  .  .  Si(C2H5)3CoH40.C2H30)  211 

alcohol   .  .  .  Si(C2H5)3(CaH4.0H). 


}> 
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A  substance  having  the  composition  SiHCls  has  also  been 
prepared.  This  body,  it  will  be  seen,  is  chloroform,  CHCI3,  in 
which  silicon  replaces  carbon,  and  is  termed  silicochloroform. 

Tin  tetra-ethyly  Sn(C2H5)4,is  a  volatile  liquid  boiling  at  181°, 
obtained  by  the  action  of  tin  tetrachloride  upon  zinc-ethyl. 

Tin  triethyl^  Sn2(C2H5)gis  formed  together  with  the  follow- 
ing compound  when  ethyl  iodide  acts  on  an  alloy  of  20  parts 
of  sodium,  and  80  parts  of  tin.     It  boils  at  175 — 180°. 

Tin  diethyl^  ^Vii^Q^^^  is  a  yellow  oily  liquid,  which  de- 
composes on  heating  into  tin,  and  tin  tetra-ethyl. 

Lead  tetra-ethyl^  Pb(C2H5)4,  is  a  heavy  liquid,  boiling 
at  2co°. 

Lead  tri-ethyly  Pb2(C2H6)6,  is  obtained  by  heating  ethyl 
iodide  with  an  alloy  of  lead  and  sodium.  The  existence  of 
these  two  compounds  points  out  that  lead  acts  as  a  tetrad 
towards  positive  radicals.  In  its  compounds  with  negative 
elements,  lead,  however,  acts  as  a  dyad,  as  the  vapour  density 
of  lead  chloride  shows  that  its  molecular  formula  is  PbClg. 
In  lead  tri-ethyl  two  atoms  of  metal  are  supposed  to  be  con- 
nected by  one  combining  unit. 

GENERAL  REACTIONS  OF  MONAD  ALCOHOLS  AND 

ACIDS. 

The  general  reactions  of  these  groups  which  offer  the 
greatest  theoretical  interest,  are  certainly  those  by  which  it  is 
possible,  in  the  first  place,  to  prepare  the  most  simple  terms 
of  the  series  synthetically  from  their  elements,  and,  secondly 
to  pass  directly  by  addition  of  carbon  and  hydrogen  from 
these  lower  terms  to  the  higher  ones,  and  thus  to  mount  up 
the  series.  Suppose  that  we  begin  with  methyl  alcohol 
obtained  from  inorganic  sources  ;  viz. — 

(i)  Marsh  gas  prepared  from  sulphuretted  hydrogen  and 
carbon  disulphide  : 

2SH2  +  CSa  +  4CU2  =  CH4  +  4CU2S. 

(2)  Methyl  chloride,  from  this  by  the  action  of  chlorine  : 

CH4  +  CI2  =  CH3CI  +  HCl. 

(3)  Methyl  alcohol,  from  this  by  the  action  of  potash : 

CH3CI  +  KOH  =  CHjOH  +  KCL 
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There  are  row  several  methods  by  which  we  can  pass  to  the 
di  carbon  series  : — 

(i)  From  methyl  alcohol  we  prepare  acetonitrile.     This,  on 
decomposition  with  potash,  yields  potassium  acetate  (see 

p.  339)  : 

CH3.CN  +  KOH  +  HjO  =  CHjCOOK  +  NH,. 

We  can  also  directly  reduce  the  acids  to  aldehydes  by  heat- 
ing them  with  a  salt  of  formic  acid  ;  and  from  aldehyde  we 
can  obtain  ethyl  alcohol  directly  by  the  action  of  hydrogen 

(p.  337)  : 

C2H4O  +  Hj  =  CjHgO, 

(2)  From  methyl  alcohol  we  prepare  methyl  cyanide,  and 
by    acting    upon    this  with  hydrogen  we  get  ethylamine 

(p.  346)  : 

CH8.cn  +  2H,  =  CHs.CH^NHg. 

Ethylamine  when  acted  on  by  nitrous  acid  is  converted  into 
ethyl  alcohol  : 

C2H6.NH2  +  HNO3  =  C2H6.OH  +  HjO  +  Nj. 

(3)  From  methyl  alcohol,  by  the  action  of  zinc  on  methyl 
iodide,  we  prepare  the  ethyl  hydride  or  ethane  :  this  substance 
forms  ethyl  chloride  when  treated  with  chlorine  :  from  this 
we  can  pass  through  ethyl  acetate  to  ethyl  alcohoL  The 
repetition  of  any  of  these  three  processes  would  enable  us  to 
pass  to  the  tricarbon  group,  and  so  on. 
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DERIVATIVES  OF   DYAD   ALCOHOL  RADICALS 

We  have  already  seen  (p.  280)  that  a  series  of  hydrocailsons 
runs  parallel  with  the  paraffins,  containing  two  atoms  less 
hydrogen,  and  having  therefore  the  general  formula  CpHgn  ; 
and  further  it  has  been  stated  that  in  these  hydrocarbons  it 
is    usually    supposed   that  two    of  the   carbon   atoms  are 
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connected  together  by  two  combining  units,  ethylene  C2H4 

being  represented  by  the  formula  1 1 

CH2. 
These  hydrocarbons  are  formed  from  the  alcohols  of  the 
monovalent  radicals,  by  removing  the  elements  of  water  with 
sulphuric  acid  or  zinc  chloride  : 

C2HgO  —  HgO  =  C3H4. 

They  may  also  be  prepared  from  the  compounds  of  the 

alcohol  radicals  with  halogens  by  the  action  of  alcoholic 

potash  : 

C4H9CI  +  KOH  =  C4H8  +  KCl  +  HjO. 

They  occur  further,  together  with  paraffins,  in  the  products 
of  distillation  of  many  organic  substances,  and  are  therefore 
contained  in  wood  and  coal-tar. 

The  names  of  the  olefines  are  derived  from  those  of  the 
corresponding  monovalent  alcohol  radicals  by  adding  the 
syllable  '*  ene  " ;  thus  the  hydrocarbon  C2H4,  obtained  from 
ethyl  alcohol  or  chloride  receives  the  name  "  Ethylene.*' 

The  olefines  are  distinguished  from  the  paraffins  inasmuch 
as  they  readily  pass  into  saturated  compounds  by  direct 
addition  of  other  elements  or  radicals.  Thus  ethylene  unites 
with  hydriodic  acid  forming  ethyl  iodide  : 

C2H4  +  HI  =  C2HBI, 

This  addition  takes  place  especially  easily  with  chlorine  and 
bromine,  which  yield  compounds  of  divalent  radicals,  such  as 
ethylene  bromide  CgH^Brg.  The  olefines  may  therefore  be 
regarded  as  divalent  radicals  in  the  free  state  ;  they  combine 
also  with  hypochlorous  acid,  ClOH,  forming  compounds 
which  are  simultaneously  chlorides  and  alcohols,  and  are 
termed  therefore  chlorhydrins : 

CHj        CI         CHjCl 

II       +1=1 

CHa        OH        CH2.OH. 

If  in  the  haloid  compounds  we  replace  both  halogen  atoms 
by  hydroxyl  we  get  the  alcohols  of  the  divalent  radicals, 
which    are    known    as   glycols^    such    as    ethylene  glycol, 

CH2.OH 

I  The  hydroxyl  groups  in  these  compounds  may  be 

CH2.OH. 

A  A 
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replaced  singly  by  other  radicals,  giving  rise  to  "mixed" 
derivatives,  of  which  the  above  chlorhydrin  may  be  taken 
as  an  example. 

The  following  table  contains  a  list  of  the  best  known 
olefines  and  glycols. 


B.P. 

Ethylene 

Propylene 

Butylene 

Isobutylene 

Pentylene 

Amylene 

Hexylene 

Heptylene    \r«    u 
Iso£eptylene/^7  "14 

Octylene         Cs  Hje 125* 

Diamylene     CiqH^o 160° 

Cetylene         C16H32 275* 


B.P. 


Ethylene  glycol      C2H4  (OH)j  j^j's 
Propylene  glycol     CjHj  (OH)a  i88' 
Butylene  glycol     \^  „  /rkux   216* 
Isobutylene  glycol/^*"8  <""«  183' 

Amylene  glycol       CsHk/OH^  177* 
Hexylene  glycol      C6Hi3(OH)2  207* 


Octylene  glycol       C:8Hi^OH)a  237' 


The  initial  member  of  the  series  of  hydrocarbons, 
methylene  CHg,  does  not  exist  in  the  free  state,  but  derivatives 
such  as  CHjClj  and  CHj  (OC2H30)2  are  known. 

The  alcohols  can,  as  already  shown  (p.  315),  be  divided 
into  primary,  secondary,  and  tertiary  derivatives ;  the  same 
classification  may  also  be  carried  out  with  the  glycols,  but  in 
addition  we  can  also  obtain  glycols  which  have  simultane- 
ously the  characteristics  of  two  of  these  groups.  This  is 
evident  from  an  examination  of  the  following  constitutional 
formulae : 


Ethylene  glycol 


Primary. 
CHjj.OH 


Primary-secondary. 
CH3 


CH^OH 


Propylene  glycol  CH.OH 


CHa.OH 

I 

Trimethylene  glycol  CH 

CH2.OH 

Primary-tertiary. 
CH3CH8 

\/ 

Jsobutylene  glycol     C.OH 


CH,.OH 


CH2.OH 

C4H9 

I 
Hexylene  glycol  CH.OH 

I 
CH2.OH 

Secon  dary- tertiary. 

CHqCH* 

\> 

C.OH 

I 
CH.OH 

I 
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The  boiling  point  of  the  members  of  the  glycol  series 
here  mentioned  does  not  rise  regularly,  as  usual,  with  the 
increase  in  the  number  of  carbon  atoms,  as  the  glycols 
given  do  not  form  a  real  homologous  series,  some  being 
primary,  others  secondary,  and  others  primary-secondary, 
&c. 

Ethylene y  C2H4. 

This  substance,  also  known  as  olefiant  gas^  has  already 
been  mentioned  (p.  90).  It  is  formed  in  the  dry  distillation 
of  coal  and  various  organic  bodies,  but  is  best  prepared  by 
the  action  of  hot  sulphuric  acid  on  alcohol ;  a  mixture  of 
I  part  of  alcohol  and  4  parts  of  sulphuric  acid  is  heated  in 
a  flask  with  enough  sand  to  form  a  pasty  mass.  The  alcohol 
loses  the  elements  of  one  molecule  of  water,  and  ethylene 
is  formed.  The  chief  physical  properties  of  ethylene  have 
already  been  mentioned.  It  combines  directly  with  2  atoms 
of  chlorine,  and  with  hydrochloric  and  hydriodic  acids  :  with, 
chlorine  it  forms  ethylene  dichloride ;  with  the  hydracids  it 
forms  ethyl  chloride,  bromide,  and  iodide.  It  is  absorbed 
by  concentrated  sulphuric  acid,  forming  ethyl-sulphuric 
acid  (p.  329). 

Ethylene  Dichloride^  C2H4CI2. — Olefiant  gas  derives  its 
name  from  its  power  of  forming  an  oil  when  brought  into 
contact  with  chlorine.  On  mixing  these  gases,  drops  are 
formed ;  and  when  collected,  washed,  and  distilled,  they 
yield  the  pure  dichloride.  This  body  boils  at  85°,  and  is  in- 
soluble in  water,  but  dissolves  in  alcohol  and  ether.  It  is 
rapidly  attacked  by  chlorine,  and  substitution-products  are 
formed,  in  which  one,  two,  three,  and  lastly  four,  atoms  of 
hydrogen  are  replaced  by  chlorine.     Thus  we  have  : 

Boiling  Point. 

C2H4CI2 83°-5 

C2H3CI3 115^ 

C2H2CU 147' 

C2HCI6 158' 


.0 


CXL 182 


'2^*6 


Glycol,  or  Ethylene  Alcohol,  C2H4(OH)2. — This  substance 
is  obtained  by  the  action  of  ethylene  dibromide  upon  silver 
acetate,  silver  bromide  and  glycol  diacetate  being  formed : 

A  A  2 
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Ethylene  Silver  Silver  Glycol 

Dibromide  Acetate  Bromide  Diacetate. 

C2H4Br3  +  2C2H30.0Ag  =  2AgBr  +  C2H4(OC2H30)^ 

The  pure  glycol  is  obtained  from  the  acetate  by  acting  on 
it  with  baryta;  it  is,  however,  more  easily  prepared  by 
heating  the  dibromide  with  a  solution  of  potassium 
carbonate : 

C2H4Br2  +  CO(OK)2  =  C2H4(OH)3  +  2KBr  +  CO,. 

Glycol  is  a  colourless,  inodorous,  and  sweetish  tasting,  thick 
liquid  ;  its  specific  gravity  at  o°  is  1*125,  it  boils  at  I97°*5, 
and  is  soluble  in  all  proportions  in  alcohol  and  water. 
When  exposed  to  air  in  contact  with  water  and  platinum 
black,  it  absorbs  oxygen  rapidly,  and  is  converted  into 
glycoUic  acid  : 

CH2(OH).CH2(OH)  +  02=  HjO  +  CH2(OH).CO(OH). 

On  treatment  with  hot  nitric  acid  glycol  undergoes  further 
oxidation  forming  oxalic  acid : 

CH2(OH).CH2(OH)  +  2O2  =  CO(OH).CO(OH)  +  2H2O. 

From  these  reactions  it  appears  that  glycollic  and  oxalic 
acids  stand  to  glycol  as  acetic  acid  does  to  ethyl  alcohol.  A 
substance  having  the  composition  C2H2O2,  i-e,  CHO.CHO, 
and  called  glyoxal^  stands  in  the  relation  of  an  aldehyde  to 
glycol.  Glycol  acts  like  alcohol  in  other  respects  ;  the  typical 
hydrogen  can  be  replaced  by  sodium,  forming  compounds 
analogous  to  sodium  ethylate  :  it  also  forms  a  compound 
with  sulphuric  acid,  called  gly co-sulphuric  acid. 

As  already  mentioned,  glycol  differs  from  alcohol  inasmuch 
as  it  yields  "  mixed  "  derivatives.  Thus  the  first  product  of 
the   reaction    of   hydrochloric   acid  on  glycol   is  ethylene 

OH 
chlorhydrin  C2H4^         ,  also  obtained  by  the  addition  of 

^Cl 
hypochlorous  acid  to  ethylene.  By  the  further  action  of  hydro- 
chloric acid,  a  second  replacement  of  the  same  kind  occurs, 
and  ethylene  chloride  is  formed. 

(i)  Glycol.  (2)  Glycol  Chlorhydrin.    (3)  Ethylene  Chloride. 

CH2(OH).CH2(OH) ;       CH3C1.CH2(0H) ;      CHaCLCHgCl. 
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There  are  also  two  acetates  of  glycol  known,  the  mono- 
acetate  and  di-acetate  : 

CH2(OH).CH2(O.C2H30)  and  CH2(O.C2H80).CH2(O.C2H80). 

Two  ethyl  compounds  exist,  mono-ethyl  glycol  and  di-ethyl 
glycol :  this  latter  body  is  isomeric  with  acetal  (p.  358). 

Ethylene  Oxide,  C2H4O. — This  substance  is  prepared  by  the 
action  of  potash  on  ethylene  chlorhydrin,  which  loses  a  mole- 
cule of  hydrochloric  acid  and  forms  ethylene  oxide.  It  is  a 
volatile  colourless  liquid,  boiling  at  I3°*5,  soluble  in  all  pro- 
portions in  water.  It  does  not,  like  the  isomeric  aldehyde, 
form  a  crystalline  compound  with  ammonia,  but  combines 
readily  with  hydrogen,  chlorine,  acids,  &c.  Alcohol,  CgHgO, 
is  formed  by  the  direct  union  of  ethylene  oxide  with  Hg  ;  and 
on  oxidation  glycollic  acid  is  produced. 

Ethylene  oxide  also  unites  directly  with  one  molecule 
of  water,  forming  glycol,  and  also  with  glycol  to  form 
polyethylene  glycols  ; 

Diethylene  Glycol 

yOH 

/OH        CjH/ 
(I)  CaH.O  +  CaH  /  =  >0 

^OH        CsHZ 

^OH; 


Triethylene  Glycol. 
.OH 
/OH  C2H/ 

NO        —  r  H  / 


(2)  C2H4O   +  >0        =  C2H,<; 

C2H4^  >0 


\0H         C2H,<f 

^OH. 

Many  compounds  of  ethylene  with  the  elements  of  the 
nitrogen  group  are  known.  The  dyad  ethylene  replaces 
two  atoms  of  hydrogen  in  two  molecules  of  ammonia ;  and 
thus  primary,  secondary,  and  tertiary  diamines  and  ammo- 
nium compounds  are  formed  closely  analogous  to  the  com- 
pounds of  ethyl.  The  ethylene  diamines  are  volatile  bases 
obtained  by  acting  with  ammonia  on  ethylene  dibromide. 
Similar  compounds  in  the  phosphorus  and  arsenic  series  are 
also  known. 

Choline,  or  Hydroxyethyltrimethylammonium  hydroxide, 
N(C2H40H)  (C  113)30  H,  is  a  strong  base  first  prepared  from 
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the  bile,  and  afterwards  found  in  the  brain  and  in  yolk  of 
eggs,  but  it  does  not  exist  as  such  in  these  substances,  being 
the  result  of  the  decomposition  of  more  complicated  bodies. 
It  can  be  artificially  prepared  by  heating  ethylene  oxide  with 
trimethylamine  and  water : 

CaH^O  +  N(CH3)3  +  Hfi  =  CH2(OH).CH2.N(CH3)80H. 

Ethidene  Compounds.  Acetaldehyde  is  isomeric  with 
ethylene  oxide,  the  constitution  of  the  two  compounds  being 
represented  by  the  formulae : 

II  I     >o. 

CH  =  O  CU/ 

Acetaldehyde.  Ethylene  oxide. 

Acetaldehyde  may  therefore  be  regarded  as  the  oxide  of 
the  radical  CHg-CH^,  isomeric  with  ethylene.  It  is  not 
known  in  the  free  state,  but  occurs  in  combination  with  other 
radicals  such  as  chlorine,  OCjHg,  &c.,  these  compounds  being 
known  as  ethidene  derivatives. 

Ethidene  chloride^  CH3.CHCI2,  is  obtained  by  the  action  of 
phosphorus  pentachloride  on  aldehyde  or  of  chlorine  on 
ethane  or  ethyl  chloride.     It  is  a  liquid  boiling  at  58°. 

Acetal^  CH3.CH(OC2H6)2,  is  formed  as  a  by-product  in  the 
preparation  of  aldehyde  from  alcohol,  and  by  the  action  of 
sodium  ethylate  on  ethidene  bromide.  It  is  a  colourless, 
pleasant-smelling  liquid,  which  boils  at    104°,  whilst  the 

CH2.OC2H5 
isomeric  ethylene  diethyl  ether ^    \  ,  boils  at  I23°*5. 

CH2.OC2H5 


Propylene^  CH3.CH:CH2,  is  prepared  by  heating  secondary 
propyl  iodide  with  alcoholic  potash,  and  is  a  gas  resembling 
ethylene ;  its  dibromide  boils  at  I4i°'6,  and  its  glycol  at  188°. 

DIVALENT  ACIDS,   RESULTING  FROM  THE  OXIDATION 
OF  THE  PRIMARY  GLYCOLS. 

There  are  two  series  of  these  acids  :  the  first  derived  by 
the  replacement  of  2  atoms  of  hydrogen  in  the  corresponding 
diatomic  alcohol  by  I  atom  of  oxygen,  and  the  second  by 
the  replacement  of  4  atoms  of  the  hydrogen  by  2  atoms  of 
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oxygen.  The  first  of  these  groups  of  acids  may  be  termed  the 
Lactic  Acid  Series ySmd  the  second  the  Oxalic  Acid  Series^ — 
from  the  acid  best  known  in  each  series ;  the  members  of  the 
first  series  are  also  known  as  the  hydroxy-acids^  as  they  may 
be  regarded  as  fatty  acids  in  which  one  atom  of  hydrogen  is 
replaced  by  hydroxyl.  The  relation  of  glycol  to  glycollic  acid, 
the  first  of  the  lactic  acids,  and  to  oxalic  acid,  serving  as  a 
type  of  the  general  relations,  is  seen  in  the  following : 


Glycol. 

/CH2OH 
\CHaOH  * 


Glycollic  Acid. 
/CH2OH 

\CO.OH  ' 


Oxalic  Acid. 
/CO.  OH 
\CO.OH" 


The  following  is  a  list  of  the  more  important  of  these 
acids  : 


Oxalic  Series  of  Acids  (Dibcuic), 
General  formula,  CnH3„^a04. 

Name  of  Acid.  Formula. 

Oxalic C2H3O4. 

Malonic C8H4O4. 

Succinic C4Hg04. 

Pyrotartaric    ....  C6Hg04. 

Adipic C6Hj(j04. 

Piirielic C7H12O4. 

Suberic ^3111404. 

Azelaic CgH^^O^. 

Sebacic C10H18O4. 

Brassylic C11H20O4. 

Rocellic C17HJ2O4, 

The  initial  member  of  the  first  series,  carbonic  acid^  which 
has  already  been  described  in  the  inorganic  .portion  of  the 
book  may  also  be  looked  upon  as  hydroxy  formic  acid: 


Lactic  Acid  Series  {Monobasic), 

General  formula,  CnHg^Oj. 
Name  of  Acid.  Formula. 

Carbonic  Acid  )  nxx  r\ 

(Hydrate)      {      '    '  ^^s^-'s- 

Glycollic C2H4O3. 

Lactic CsHgOj. 

Hydroxybutyric  .    .    .  C4Hg03. 

Hydroxyvaleric  .    .    .  CsHjoOs. 

Leucic CgHi203. 


H.CO.OH 

Formic  Acid. 


HO.  CO.  OH 

Carbonic  Acid. 


It  differs,  however,  from  the  higher  members  of  the  series 

in  containing  two  atoms  of  replaceable  hydrogen.     This  is 

accounted  for  by  the  fact  that  in  this  acid  both  hydroxyl 

groups  are  directly  connected  with  the  carbonyl,  which  is  not 

the  case  in  any  of  the  others.     Hence  two  sets  of  carbonates 

exist : 

Normal  sodium  carbonate C0(0Na)2. 

Hydrogen  sodium  carbonate     ....  C0(0H)ONa. 
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The  other  acids  of  the  first  series  are  monobasic^  con- 
taining only  one  carboxyl  group  (p.  314)  while  those  of  the 
second  series  are  dibasic^  or  contain  two  such  groups. 

The  acids  of  the  first  series  contain  the  groups  character- 
istic of  both  alcohols  and  acids,  and  as  would  be  expected 
they  show  the  properties  of  both  series  of  compounds.  They 
may  be  obtained  by  the  action  of  alkalis  on  the  halogen 
substituted  acids :  thus  monochloracetic  acid  yields  glycollic 
acid : 

CHjCl  CH2.OH 

I  +  2KOH  =  1  +  KCl  +  H2O. 

COOH  COOK 

On  the  other  hand,  hydrobromic  acid  converts  glycollic 
acid  into  monobromacetic  acid. 

Glycollic  Acid,  or  Hydroxyacetic  Acid^  CH2(OH).COOH,  is 
prepared  as  above  mentioned  by  the  action  of  water  or 
alkalis  on  chloracetic  acid,  and  is  also  formed  when  alcohol 
is  oxidized  with  nitric  acid.  It  forms  colourless  crystals, 
very  soluble  in  water,  and  occurs  in  unripe  grapes,  and  in 
the  leaves  of  the  wild  vine. 


Lactic  Acid,  or  a-Hydroxypropionic  Acid,  CgHgOg. 

Two  different  acids  may  be  obtained  from  propionic  acid, 
CH3.CH2.COOH,  by  substituting  one  atom  of  hydrogen  by 
hydroxyl,  viz. : 

(I)  (2) 

CHg.  CH(OH).  COOH  CHaCOH).  CH^j.  COOH. 

a-Hydroxyivopionic  Acid  /5-Hydroxypropionic  Acid, 

or  Lactic  Acid.  or  Ethylenelactic  Acid. 

In  order  to  distinguish  these  and  similar  substitution- 
compounds  it  is  usual  to  give  the  prefix  a  to  those  in  which 
the  substituted  radical  is  combined  with  the  carbon  atom 
adjacent  to  the  carboxyl  group  ;  if  the  radical  is  combined 
with  the  carbon  atom  next  but  one  to  the  carboxyl  group, 
the  prefix  ^  is  employed,  if  next  but  two  y,  and  so  on. 
Thus  a  compound  of  the  formula  CH3.CHBr.CH2.COOH 
is  )3-bromobutyric  acid,  whilst  another  of  the  formula 
CH2Br.CH2.CH.OH.COOH  would  be  /3-  hydroxy-  S-  bromo- 
butyric  acid. 
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The  above  isomeric  acids  in  this  way  become  a-  and  /3- 
hydroxypropionic  acid.  The  first  of  these  is  by  far  the 
most  important,  and  has  long  been  known,  as  /ache  acid  or 
sometimes  2l%  fermentation  lactic  acid.  It  is  contained  in  sour 
milk,  and  is  prepared  from  sugar  by  a  peculiar  process  known 
as  the  lactic  fermentation,  which  is  described  more  fully  in  the 
chapter  on  fermentation.  It  may  be  also  artificially  prepared 
as  follows : 

(i)  By  the  oxidation  of  propylene  glycol,  CH3.CH(0H). 
CH2.OH. 

(2)  By  the  action  of  alkalis  on  a-chloropropionic  acid, 
CH3.CHCI.COOH. 

(3)  By  allowing  aldehyde,  hydrocyanic  acid,  and  hydro- 
chloric acid  to  remain  together  for  several  days : 

CH3.CHO  +  HCN  +  HCl  +  2H2O  =  CH3.CH(OH).COOH 

+  NH4CI. 

Lactic  acid  is  an  inodorous  syrupy  liquid  of  specific  gravity 
r2i5,  has  a  pleasant  acid  taste,  and  cannot  be  distilled  un- 
changed :  like  other  acids  of  this  group  it  is  simultaneously 
an  acid  and  an  alcohol,  and  on  heating  two  molecules  combine 
together,  the  one  acting  as  an  alcohol  and  the  other  as  an 
acid  : 

CH3.CH.OH        HO.OC  CH3.CH  — O  — CO 

I  +1         =  1  I      +  HA 

COOH         HO.HC— CH3  COOH  HO.CH.CH3 

This  compound,  known  as  lactolactic  acid,  is  at  the  same  time 
an  alcohol,  an  acid,  and  an  ethereal  salt.  On  further  heating 
it  loses  another  molecule  of  water,  thus 

CH3  —  CH  —  O  —  CO  CH3— CH— O— CO 

I  1  =  11+  HA 

COOH  HO.CH.CHg  CO— O— CH.CH3 

forming  lactide,  which  is  a  double  ethereal  salt. 

Another  interesting  series  of  reactions  by  which  the  double 
character  of  these  acids  is  shown  is  the  following :  when 
lactic  acid  is  heated  with  alcohol  it  is  converted  into  the 
neutral  compound  ethyl  lactate,  CH3.CH(OH).COOC2H6. 
Sodium  acts  on  this  compound  in  the  same  manner  as  on  an 
alcohol,  replacing  the  hydrogen  atom  of  the  hydroxyl  group 
with  formation  of  CH3.CH(ONa).COOC2H6,  and  this  by 
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the  action  of  ethyl  iodide,  C2H5I,  yields  diethyl  lactate y 
CH3.CH(OC2H6).COOC2H6.  On  boiling  the  latter  with 
potash  and  acidifying,  we  obtain  ethyl  lactic  acidy 
CH3  CH(OC2H5)COOH,  which  is  as  strong  an  acid  as 
lactic  acid  itself. 

Of  its  salts  the  most  important  are  zinc  lactate,  {C^UfP^^Tiy 
which  crystallizes  well  and  is  sparingly  soluble  in  water,  and 
ferrous  lactate  (C3H503)2Fe  +  3H2O,  which  is  employed  in 
medicine. 

Paralactic  acid  or  sarcolactic  acid  is  contained  in  the 
juice  of  flesh,  and  is  only  distinguished  from  the  ordinary 
lactic  acid  by  the  fact  that  if  a  ray  of  polarized  light  be 
passed  through  it,  the  plane  of  polarization  is  rotated  to  the 
right,  whereas  the  ordinary  acid  has  no  such  effect.  An  acid 
has  also  recently  been  obtained  which  resembles  both  the 
foregoing  acids  in  general  properties,  but  rotates  the  plane  of 
polarization  to  the  left,  as  much  as  paralactic  acid  does  to  the 
right.  The  chemical  properties  of  all  three  agree  with  the 
constitutional  formula  CH3.CH(0H).C00H,  but  this  gives 
no  explanation  of  their  different  optical  properties. 

To  account  for  this  difference,  a  very  ingenious  hypothesis 
has  been  brought  forward  by  Le  Bel  and  Van*t  Hoff,  which 
takes  into  account  the  relative  positions  of  the  atoms  in  space 
instead  of  only  representing  them  in  two  dimensions  on  a 
plane,  such  as  a  piece  of  paper. 

In  the  simplest  case,  when  the  carbon  atom  is  combined 
with  four  monovalent  atoms,  it  is  assumed  that  these  are 
uniformly  distributed  in  space,  and  therefore  occupy  the 
same  position  on  the  surface  of  a  sphere  of  which  the 
carbon  atom  occupies  the  centre,  as  the  corners  of  a  regular 
tetrahedron  inscribed  in  that  sphere ;  this  may  be  graphically 
represented  by  placing  the  atoms  at  the  corners  of  a  regular 
tetrahedron,  the  carbon  atom  being  situated  at  the  centre. 
Methane  or  marsh-gas  then  receives  the  formula  : 


xxxv 


ETHYLENE  LACTIC  ACID 


363 


Now  if  instead  of  having  the  same  atoms  combined  with 
the  carbon  atom,  we  have  four  different  atoms  or  groups, 
Rj,  Rg,  R3,  R4,  we  can  get  two  different  arrangements,  as 
shown  in  the  following  formulae,  supposing  that  the  observer 
is  looking  down  on  the  tetrahedra  from  above. 


These  two  "  configurations  "  are  not  superposable,  but  they 
have  the  same  relation  to  one  another  as  an  object  has  to 
its  image  in  a  plane  mirror. 

Now  in  lactic  acid  we  have  a  compound  containing  four 
different  atoms  or  groups  in  combination  with  one  carbon 
atom,  viz.,  H,  OH,  CH3,  COOH,  and  by  substituting  these 
for  Rj,  R2,  R3,  R4,  in  the  above  formulae,  we  should  obtain 
two  configurations  for  lactic  acid.  These  are  assumed  by 
the  hypothesis  to  represent  the  two  optically  active  lactic 
acids,  whilst  the  inactive  compound  is  supposed  to  be  a 
mixture  of  equal  quantities  of  the  two  active  varieties,  which 
therefore  neutralize  one  another  in  their  action  on  polarized 
light. 

If  the  hypothesis  is  correct,  all  optically  active  compounds 
should  contain  a  carbon  atom  in  combination  with  four  other 
unlike  atoms  or  groups,  or  ii>  other  words  should  contain  an 
**  asymmetric  "  carbon  atom,  and  as  a  matter  of  fact  no 
optically  active  carbon  compound  has  yet  been  studied  which 
does  not  fulfil  this  condition.  In  certain  cases,  too,  the 
inactive  isomeride  has  been  actually  separated  into  its  two 
active  constituents  (see  Racemic  Acid). 

Ethylene  lactic  acid  is  formed  from  /S-iodopropionic  acid, 
as  follows : 

CH2I.CH2.CO2H  +  AgOH  =  CH2(OH).CH2.C02H  +  Agl. 
Also  by  the  action  of  potassium  cyanide  and  hydrochloric 
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acid  on  ethylene  chlorhydrin  : — hence  the  name  ethylene 
lactic  acid. 

CH2.OH  CHoOH  , .  ,  .  CHjwOH 

I  •        £    *  I  which  IS  I      ^ 

I  gives  first  converted  into  ' 

CH2.CI  CH2.CN  converted  into  cHj^COaH. 

Hydroxy  butyric  acids,  C4H7(OH).COOH. — Three  hydroxy- 
derivatives  of  butyric  acid  exist,  viz.  : 

CH3.CH2.CH(OH).COOH  CH3.CH(OH).CH2.COOH 

a-Hydroxybutyric  Acid.  ^-Hydroxybutyric  Acid. 

CH2(OH).CH2.CH5.  COOH. 

y-Hydroxybutyrlc  Acid. 

The  a-compound  corresponds  to  lactic  acid  in  its  properties. 
The  second  acid,  and  all  /3-hydroxy-acids  readily  lose  water 
on  heating,  and  are  converted  into  unsaturated  acids  ;  thus 
^-hydroxybutyric  acid  yields  crotonic  acid  : 

CH3.CH(OH).CH2.COOH  =  CHs.CH^CH.COaH  +  HgO. 

The  y-hydroxy-acids  also  lose  water  on  heating,  but  in  quite 
a  different  manner,  a  peculiar  anhydride  being  formed ;  e.g^ 

Cxl2.Cri2.Oxl  Cri2.Cri2y 

I  =1  >0  +  H2O. 

CH2.COOH  CH2.C0  / 

These  anhydrides  are  known  by  the  general  name  of 
lactones. 

The  amido-substitution  products  of  the  fatty  acids  are 
also  an  important  series  of  compounds,  occurring  frequently 
as  decomposition  products  of  albuminoid  compounds. 

Glycocoll  or  Amidoacetic  acid,  CH2(NH2).COOH,  stands 
in  close  relation  to  glycollic  acid,  being  obtained  from 
chloracetic  acid  by  the  action  of  ammonia.  It  is  a  sweet 
tasting  substance,  and  occurs  in  the  gall  and  urine  of 
graminivorous  animals  ;  it  is  simultaneously  a  base  and  an 
acid,  and  forms  salts  with  acids  and  with  metals. 

When  hydrochloric  acid  gas  is  passed  into  its  alcoholic 
solution  it  yields  the  hydrochloride  of  ethyl  amidoacetate, 
CH2(NH3C1)C02C2H5.  By  the  action  of  sodium  nitrite 
this  forms  a  compound  known  as  ethyl  diazoacetate, 
CHN2.CO2C2H5,  which  is  closely  allied  to  the  aromatic 
diazo-compounds  subsequently  described.  This  substance  is 
a  yellow  liquid  and  is  converted  by  caustic  potash  into  a 
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substance  of  complicated  constitution  known  as  triazoacetic 
acid  (C3H3Ng)3(COOH)3,  which  crystallizes  in  deep  orange 
coloured  tablets  and  is  decomposed  on  heating  with  dilute 
sulphuric    acid    into    oxalic  acid  and  hydrazine  sulphate 

(p.  75). 
Alanine  or  a- Amidopropionic  acid,  CH3.CH(NH2).COOH, 

corresponds  to  lactic  acid,  into  which  it  is  converted  by  the 

action  of  nitrous  acid.    leucine  or  Amidocaproic  acid,  C5H10 

(NH2).C00H,  occurs  in  the  brain,  lungs  and  liver,  and  is 

formed  in  large  quantities  in  certain  illnesses^  and  in  the 

decomposition  products  of  albuminoids. 


Oxalic  Acidy  C2H2O4. 

Oxalic  acid  is  met  with  in  the  juice  of  many  plants  in  the 
form  of  a  potassium  or  calcium  salt.  It  is  formed  in  a  great 
variety  of  ways,  chiefly  by  the  oxidation  of  different  organic 
bodies.  Oxalic  acid  can  be  prepared  synthetically  by  heat- 
ing carbon  dioxide  and  sodium  together  to  the  boiling  point 
of  mercury  : 

2CO2  +  2Na  =  C204Na3 ; 

also  by  heating  the  formate  of  an  alkali  metal : 

H.CO.OK  CO.  OK 

=     Ha     +  I 

H.CO.OK  CO.  OK 

The  best  way  of  preparing  pure  oxalic  acid  on  a  small  scale 
is  by  acting  upon  sugar  with  nitric  acid :  it  was  formerly 
manufactured  in  this  way,  but  at  present  it  is  prepared  in 
very  large  quantities  by  the  action  of  caustic  potash  on  saw- 
dust. Crude  potassium  oxalate  is  thus  formed,  and  from  this 
a  pure  oxalic  acid  is  obtained  by  precipitating  the  insoluble 
calcium  oxalate,  and  decomposing  this  by  sulphuric  acid. 
Oxalic  acid  can  also  be  obtained  by  the  direct  oxidation  of 
glycollic  acid. 

Oxalic  acid  crystallizes  in  prisms  which  possess  the  com- 
position C2H2O4  +  2H2O  :  these  crystals  lose  their  water  of 
crystallization  at  100°,  or  in  a  vacuum  over  sulphuric  acid. 
When  heated  to  about  160°  oxalic  acid  rapidly  decomposes, 
forming  carbon  dioxide,  carbon  monoxide,  and  formic  acid, 
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whilst  a  small  quantity  of  oxalic  acid  sublimes  undecomposed. 
Heated  with  sulphuric  acid,  oxalic  acid  is  decomposed  into 
water  and  equal  volumes  of  carbon  monoxide  and  carbon 
dioxide  gases  (p.  86).  Oxalic  acid  is  a  dibasic  acid,  and 
forms  two  classes  of  salts  called  normal  oxalates  and  acid 
oxalates.  Another  series  of  salts  is  also  known,  the  members 
of  which  may  be  regarded  as  compounds  of  the  acid  salts 
with  oxalic  acid,  and  are  termed  quadroxalates.  The 
oxalates  of  the  alkali-metals  are  all  soluble  in  water ;  the 
oxalates  of  the  other  metals  are  generally  insoluble.  The 
potassium  oxalates  are : 

C2K2O4  4-  H2O    ....  Potassium  oxalate  (normal  oxalate). 
C2HKO4  +  H2O      •    •    •  Hydrogen  potassium  oxalate  (binoxalate). 
C2HKO4  +  C2H2O4  +  2H2O  Potassium  quadroxalate. 

Calcium  oxalate  is  a  very  insoluble  salt,  and  is  the  form  in 
which  this  metal  is  obtained  for  quantitative  estimation. 
Methyl  and  ethyl  oxalates  are  obtained  by  distilling  the  re- 
spective alcohols  with  oxalic  acid  :  the  first  melts  at  51°  and 
boils  at  162°,  and  the  second  boils  at  186°;  they  have  the 
composition 

CO(OCH8).CO(OCH8).  CO(OC2H3).CO(OC2H6>- 

Amides  of  Oxalic  Acid, — By  heating  neutral  ammonium 
oxalate,  a  white  powder  called  Oxamide  is  left : 

Ammonium  Oxalate        Oxamide. 

rC02NH4  _    rC0NH2    .    2H  o 

\c02NH4  -  \CONH2  ^  ^"2^- 

Oxamide,  CO(NH2).CO(NH2),  may  be  considered  as  two 
molecules  of  ammonia,  in  which  two  atoms  of  hydrogen  are 
replaced  by  C2O2.  By  heating  hydrogen  ammonium  oxalate, 
a  substance  called  Oxamic  Acid  is  obtained,  having  the 
formula,  CO(OH).CO(NH2). 

Malonic  Acid,  C3H4O4, 

is  formed  by  the  oxidation  of  malic  acid  (p.  368).  It  is 
likewise  obtained  synthetically  by  the  action  of  potash  upon 
ethyl  cyanacetate,  thus : 

Ethyl  Cyanacetate.  Malonic  Acid.  Alcohol. 

(CN)CH8.CO.OC2H5  +  3H20=C02H.CH2.C02H  +  C2HgO  +  NH3 
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and  also  by  acting    on    cyanacetic    acid  with  alkalis  or 

acids  : 

XN  XO..H 

CH2<  +  2H2O  =  CH2<f      '       +  NH3. 

^COgH  ^COall 

Ethyl  malonate  CH 2(0 0202115)2  is  a  pleasant  smelling 
liquid  which  boils  at  195°,  and  is  largely  used  in  organic 
synthesis. 


Succinic  Acidy  C4HQO4. 

This  acid  is  obtained  by  the  distillation  of  amber ;  it 
occurs  in  amber,  wormwood,  in  certain  resins,  and  in  small 
quantities  in  various  animal  juices,  and  is  produced  by 
the  fermentation  of  sugar.     It  can  be  artificially  prepared  : 

(i)  By  the  action  of  hydriodic  acid  upon  malic  and  tartaric 
acids. 

(2)  By  acting  on  ethylene  dicyanide  with  potash  : 

CH2.CN  CH2.CO2H 

I  +  4H2O  =   I  +  2NH3. 

CH2.CN  CH2.CO2H 

(3)  By  the  action  of  nitric  acid  on  butyric  acid  : 
CH3.CH2.CH2.CO2H  +  30  =  H2O  +  CO2H.CH2.CH2.CO2H. 

Succinic  acid  forms  large  colourless  crystals,  which  melt  at 
180°,  and  begin  to  boil  at  235°,  the  vapour  decomposing 
into  succinic  anhydride  and  water.     It  forms  a  chloride, 

CH2— COv 
C2H4(C202Cl2),  as  well  as  an  anhydride   |  ^O  when 

CHg— CC^ 
heated  with  phosphorus  pentachloride.  Bromine  substitution 
products  are  also  known,  viz.,  monobromo-succinic  acidy 
C4H5Br04,  and  dibromo-succinic  acid^  C4H4Br204 :  these 
acids  when  treated  with  water  and  silver  oxide  are  respec- 
tively converted  into  malic  and  tartaric  acids.  Succinic  acid 
is  dibasic,  and  forms  two  classes  of  salts  :  the  salts  of  the 
alkali-metals  are  soluble,  and  these  form  an  insoluble  brown 
precipitate  with  ferric  salts, 
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The  ammonia  derivatives  of  this  acid  are  : 

SuccinamicU^  ^»^^*\CO  NH*'  ^^'^  Succinimidey  CjH^^^q^NH. 

IsosMccinic  Acid, — This  substance,  which  is  isomeric  with 
succinic  acid,  is  obtained  by  the  action  of  potash  on  cyano- 
propionic  acid : 

CH8.CH(CN).C02H  +  2H2O  =  CH8.CH  :  (CO,H)j  +  NH,. 

Isosuccinic  acid  melts  at  129°* 5,  and  loses  CO,  on  further 
heating  forming  propionic  acid ;  it  may  thus  be  readily 
distinguished  from  its  isomeride.  It  is  derived  from  ethidene, 
as  succinic  acid  is  from  ethylene. 

For  the  special  properties  of  the  higher  acids  of  this 
series  the  reader  must  consult  a  larger  work  on  the  subject. 


LESSON    XXXVI 

VEGETABLE  ACIDS  AND  THEIR  DERIVATIVES 

Very  intimately  connected  with  succinic  acid  are  two  acids 
of  much  importance,  viz.,  malic  and  tartaric  acids. 

Malic  Acidy  C4He05. 

This  acid  occurs  in  the  juice  of  most  fruits,  especially  in 
that  of  garden  rhubarb  and  mountain-ash  berries,  from  which 
it  can  be  readily  obtained.  It  can  also  be  prepared  by  the 
substitution  of  hydroxyl  for  bromine  in  monobromosuccinic 
acid : 

Monobromosuccinic  Acid.  Malic  Acid. 

CaHaBrj^ggg  +  AgOH  =  C2H8(0H){^g;gg  +  AgBr. 

Malic  acid  is  dibasic  and  crystallizes  in  indistinct  very 

hygroscopic  needles.     The  malates  are  sol  ble  in  water. 

(  CO  H 
Asparagine^  C2H3(NH2)  \  ro^NH  '  ^^  ^  crystalline  com- 

pound  occurring  in  the  juice  of  asparagus,  which  nitrous 
acid  converts  into  malic  acid. 
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FUMARIC  AND   MaLEIC  ACIDS. 

When  malic  acid  is  heated  at  180°,  it  loses  a  molecule  of 
water,  forming  a  mixture  of  two  isomeric  acids  of  the  formula 
C4H4O4,  X/^rm!^^  fumaric  and  ntaleic  add.  The  former  also 
occurs  in  the  juices  of  certain  plants.  From  their  chemical 
properties  both  must  have  the  constitution  COOH.CH  = 
CH.COOH.  They  nevertheless  behave  very  differently  in 
many  respects  ;  thus  maleic  acid  readily  yields  an  anhydride, 
whilst  fumaric  acid  is  very  stable.  For  a  long  time  no 
explanation  could  be  given  of  the  isomerism  of  these  acids, 
but  van*t  Hoff,  by  an  extension  of  the  views  already  given 
with  regard  to  the  asymmetric  carbon  atom  (p.  363)  has 
given  a  hypothesis  which  is  accepted  by  the  majority  of 
chemists.  For  a  detailed  description  of  the  hypothesis 
reference  must  be  made  to  larger  works :  it  is  sufficient  to 
state  here  that  the  explanation  is  arrived  at  by  taking  into 
account  the  relative  positions  of  the  atoms  and  groups  in 
space.  In  maleic  acid,  the  carboxyl  groups  are  supposed  to 
be  close  together,  as  it  so  readily  yields  an  anhydride,  and  in 
the  more  stable  fumaric  acid  the  carboxyl  groups  are  on 
opposite  sides  of  the  molecule ;  this  is  represented  by  the 
formulae : 

Fumaric  Acid.  Maleic  Acid. 

COOH.CH  CH.COOH 

II  II 

CH.COOH  CH.COOH 

Such  isomerides  are  possible  in  all  cases  where  two  carbon 
atoms  are  united  by  two  combining  units. 


r 

Tartaric  add,  C4HeOe. 

Tartaric  acid  occurs  in  the  juice  of  many  fruits  (grape, 
tamarind,  &c.),  and  is  deposited  as  the  acid  potassium  salt 
during  the  fermentation  of  wine,  the  salt  being  known  as 
tartar  or  argol.  Free  tartaric  acid  is  obtained  from  the  crude 
argol  by  boiling  it  with  water  and  chalk,  adding  calcium 
chloride  and  decomposing  the  precipitated  calcium  tartrate 
with  sulphuric  acid.  It  crystallizes  in  large  oblique  mono- 
symmetric  prisms  which  dissolve  easily  in  water.    When 
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heated  to  iSo'  it  fuses  and  undergoes  decomposition,  evolving 
a  peculiar  odour  of  caramel.  I  n  presence  of  oxidizing  agents, 
tartaric  acid  is  converted  into  carbonic,  formic,  and  oxalic 
acids  ;  and  when  fused  with  caustic  potash  it  forms  acetic  and 
oxalic  acids.  When  tartaric  acid  is  heated  with  hydriodic  add 
for  several  hours  it  is  first  reduced  to  malic,  and  afterwards 
to  succinic  acid,  by  losing  first  one  and  then  a  second  atom 
of  oxygen.  Tartaric  acid  is  a  dibasic  acid,  containing  two 
atoms  of  typical  hydrogen  which  can  be  replaced  by  metals  : 
hence  there  are  two  classes  of  alkaline  tartrates ;  thus  we 
have — 

Hydrogen  Potassium  Tartrate  CH(OH).CO.OK 
(Cream  of  Tartar).  CH(OH).CO.OH. 

CH(OH).CO.OK 
Normal   Potassium  Tartrate     | 

CH(OH).CO.OK. 

Tartaric  acid  forms  with  antimony  a  remarkable  compound 
termed  Tartar  Emetic,  It  appears  most  probable  that 
this  is  the  potassium  salt  of  an  acid,  having  the  following 


CO.O 


\ 


Sb.OH.      This 


peculiar  constitution:   C2H2(OH)2<^  } 

Nzo.o^ 

substance  is  obtained  by  boiling  a  solution  of  cream  of  tartar 
with  antimony  trioxide  ;  the  oxide  dissolves,  and,  on  cooling, 
tartar  emetic  is  deposited  in  crystals.  This  salt  is  much 
used  in  medicine,  but  acts  as  a  violent  poison  when  taken  in 
quantity.  Tartaric  acid  and  citric  acid  are  largely  used  by 
the  calico-printer  to  act  as  a  discharge  or  solvent  for  the 
mordant,  thus  giving  white  spots  on  a  coloured  ground. 

Ordinary  tartaric  acid  has  the  power  of  rotating  the  plane  of 
polarization  of  light  to  the  right.  Several  isomeric  modifica- 
tions, however,  exist,  which  though  closely  allied  chemically, 
differ  considerably  in  their  physical  properties.  Laevotartaric 
acid  rotates  the  plane  of  polarization  to  the  left  to  the  same 
extent  as  ordinary  or  dextrotartaric  acid  rotates  it  to  the  right. 
Two  inactive  modifications  termed  racemic  and  mesotartaric 
acid  are  also  known  ;  the  first  has  bee*  resolved  into  equal 
parts  of  dextro-  and  laevotartaric  acid,  and  is  also  obtained 
when  solutions  of  those  two  acids  are  mixed,  but  mesotartaric 
acid  cannot  be  resolved  into  two  constituents. 
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The  explanation  of  this  isomerism  is  similar  to  that  already 
given  for  lactic  acid  (p.  363).  It  will  be  seen  from  an  ex- 
amination of  the  constitutional  formula  of  tartaric  acid  that 
it  contains  two  asymmetric  carbon  atoms.  In  dextrotartaric 
acid  the  configuration  of  the  group  around  each  asymmetric 
carbon  is  such  that  both  cause  a  rotation  of  the  plane  of 
polarization  to  the  right,  in  laevotartaric  acid  both  cause 
rotation  to  the  left,  whilst  in  mesotartaric  the  configuration 
around  one  asymmetric  carbon  is  the  reverse  of  tikat  around 
the  other,  and  the  compound  is  therefore  inactive.  Racemic 
acid  is,  as  already  shown,  a  combination  of  equal  quantities 
of  the  dextro-  and  laevo-  acids. 

The  inactive  mesotartaric  acid  is  obtained  by  the  action 
of  silver  oxide  on  dibromosuccinic  acid,  both  atoms  of 
bromine  being  replaced  by  hydroxyl : 

Dibromosuccinic  Acid.  Tartaric  Acid. 

C  HBr.  COOH  CH(OH).  COOH 

I  +  AgaO  +  H2O  =  I  +  2AgBr. 

CHBr.COOH  CH(OH).COOH 

The  mesotartaric  acid  is  converted  into  racemic  acid  by 
heating  to  175°. 

Citfic  Acid,  CgHgOy. 

This  tribasic  acid  is  found  in  the  juice  of  the  lemon, 
and  occurs  in  many  other  fruits,  together  with  malic  acid. 
Citric  acid  is  obtained  from  these  sources  and  crystallizes 
in  large  colourless  crystals,  which  dissolve  very  easily  in 
water.  It  has  also  been  prepared  synthetically  from  glycerol 
by  the  following  steps  : — 


.    0) 

/3-Dichlorhydrin. 

CHoCl 

I 
CH.OH 

I 
CH3CI. 

(4)   . 
Dichloracetonic  Acid 

CHjCl 

C(OH).C02H 

CHjCL 


(2) 

^-Dichloracetone. 
CH2CI 

I 

CO 

I 

CI12.C1. 

Dicyanacetonic  Acio. 
CH2.CN 

I 

C(OH).COaH 
CH3.CN, 


(3) 

By  the  action  of  HCN. 
CH2.CI 

I 
C(OH).CN 

CH2CI. 

Citric  Acid. 
CIij.COjxI 

C(OH).COJI 

I 
CHq^COjH* 
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heated  to  i8o°  it  fuses  and  undergoes  decomposition,  evolving 
a  peculiar  odour  of  caramel.  I  n  presence  of  oxidizing  agents, 
tartaric  acid  is  converted  into  carbonic,  formic,  and  oxalic 
acids  ;  and  when  fused  with  caustic  potash  it  forms  acetic  and 
oxalic  acids.  When  tartaric  acid  is  heated  with  hydriodic  acid 
for  several  hours  it  is  first  reduced  to  malic,  and  afterwards 
to  succinic  acid,  by  losing  first  one  and  then  a  second  atom 
of  oxygen.  Tartaric  acid  is  a  dibasic  acid,  containing  two 
atoms  of  typical  hydrogen  which  can  be  replaced  by  metals  : 
hence  there  are  two  classes  of  alkaline  tartrates ;  thus  we 
have — 

Hydrogen  Potassium  Tartrate  CH(OH).CO.OK 
(Cream  of  Tartar).  CH(OH).CO.OH. 

CH(OH).CO.OK 
Normal   Potassium   Tartrate     | 

CH(OH).CO.OK. 

Tartaric  acid  forms  with  antimony  a  remarkable  compound 
termed  Tartar  Emetic.  It  appears  most  probable  that 
this  is  the  potassium  salt  of  an  acid,  having  the  following 

.CO.O. 
peculiar  constitution:   C2H2(OH)2\  ^Sb.OH.      This 

XO.O^ 
substance  is  obtained  by  boiling  a  solution  of  cream  of  tartar 
with  antimony  trioxide  ;  the  oxide  dissolves,  and,  on  cooling, 
tartar  emetic  is  deposited  in  crystals.  This  salt  is  much 
used  in  medicine,  but  acts  as  a  violent  poison  when  taken  in 
quantity.  Tartaric  acid  and  citric  acid  are  largely  used  by 
the  calico-printer  to  act  as  a  discharge  or  solvent  for  the 
mordant,  thus  giving  white  spots  on  a  coloured  ground. 

Ordinary  tartaric  acid  has  the  power  of  rotating  the  plane  of 
polarization  of  light  to  the  right.  Several  isomeric  modifica- 
tions, however,  exist,  which  though  closely  allied  chemically, 
differ  considerably  in  their  physical  properties.  Laevotartaric 
acid  rotates  the  plane  of  polarization  to  the  left  to  the  same 
extent  as  ordinary  or  dextrotartaric  acid  rotates  it  to  the  right 
Two  inactive  modifications  termed  racemic  and  mesotartaric 
acid  are  also  known  ;  the  first  has  bee*  resolved  into  equal 
parts  of  dextro-  and  laevotartaric  acid,  and  is  also  obtained 
when  solutions  of  those  two  acids  are  mixed,  but  mesotartaric 
acid  cannot  be  resolved  into  two  constituents. 
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The  explanation  of  this  isomerism  is  similar  to  that  already 
given  for  lactic  acid  (p.  363).  It  will  be  seen  from  an  ex- 
amination of  the  constitutional  formula  of  tartaric  acid  that 
it  contains  two  asymmetric  carbon  atoms.  In  dextrotartaric 
acid  the  configuration  of  the  group  around  each  asymmetric 
carbon  is  such  that  both  cause  a  rotation  of  the  plane  of 
polarization  to  the  right,  in  laevotartaric  acid  both  cause 
rotation  to  the  left,  whilst  in  mesotartaric  the  configuration 
around  one  asymmetric  carbon  is  the  reverse  of  tikat  around 
the  other,  and  the  compound  is  therefore  inactive.  Racemic 
acid  is,  as  already  shown,  a  combination  of  equal  quantities 
of  the  dextro-  and  laevo-  acids. 

The  inactive  mesotartaric  acid  is  obtained  by  the  action 
of  silver  oxide  on  dibromosuccinic  acid,  both  atoms  of 
bromine  being  replaced  by  hydroxyl : 

Dibromosuccinic  Acid.  Tartaric  Acid. 

CHBr.COOH  CH(OH).COOH 

I  +  AgjO  +  HjO  =  I  +  2AgBr. 

CHBr.COOH  CH(OH).COOH 

The  mesotartaric  acid  is  converted  into  racemic  acid  by 
heating  to  175°. 

Citric  Acid,  CgHgOr* 

This  tribasic  acid  is  found  in  the  juice  of  the  lemon, 
and  occurs  in  many  other  fruits,  together  with  malic  acid. 
Citric  acid  is  obtained  from  these  sources  and  crystallizes 
in  large  colourless  crystals,  which  dissolve  very  easily  in 
water.  It  has  also  been  prepared  synthetically  from  glycerol 
by  the  following  steps  : — 


.    (0 

/5-Dichlorhydrin. 

CHjCl 

CH.OH 

I 
CH2CI. 

(4)   . 
Dichloracetonic  Acid 

CH2CI 

C(OH).C02H 

I 
CHjCl. 


(2) 

^-Dichloracetone. 
CH2CI 

CO 

I 

CH2.C1. 

Dicyanacetonic  Acid. 
CH2.CN 

C(OH).COaH 

CHa.CN, 


(3) 

By  the  action  of  HCN. 
CH2.CI 

C(OH).CN 

I 
CH3CI. 

Citric  Acid. 
CH2«C02H 

C(0H).C0jH 

CH2.  COaH. 
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Three  series  of  citrates  exist,  in  which  one,  two,  or  three 
atoms  of  hydrogen  are  replaced  by  metal.  The  citrates  of 
the  alkali-metals  are  soluble,  those  of  the  alkaline-earth 
metals,  of  lead,  and  silver,  are  insoluble  in  water. 


URIC  ACID  AND  ITS  DERIVATIVES. 

Uric  Acid,  C5H4N4O3. — This  substance,  found  in  the  urine 
of  birds,  serpents,  &c.,  is  a  dibasic  acid  and  forms  salts 
which  are  only  slightly  soluble  in  water  :  of  these  the  lithium 
urates  dissolve  the  most  readily.  Uric  acid  is  best  prepared 
from  guano  ;  this  is  boiled  with  caustic  soda,  and  on  adding 
hydrochloric  acid  to  the  solution  uric  acid  separates  out  as 
a  white  crystalline  powder. 

It  has  been  obtained  synthetically  by  a  series  of  somewhat 

complicated  reactions  from  urea  and  acetoacetic  ether  (2/. 

chapter  on  Organic  Synthesis),  and  a  clear  light  has  thus 

been  thrown  on  its  constitution,  which  is  represented  by  the 

formula : 

NH— CO 

I  I 

CO      C— NHv 

I        1 1         >co. 

NH— C— NR/ 

On  oxidation  it  yields  a  number  of  interesting  derivatives, 
which  are  combinations  of  urea  with  acid  residues.  Thus 
the  compound  obtained  by  the  oxidation  of  uric  acid  with 
hot  fairly  concentrated,  nitric  acid,  ttrinQ^  parabanic  acid,  is 

.NH.CO 
oxalyl  urea  CO<f  |     .  Dilute  nitric  acid  at  60— 7o°con- 

^NH.CO 

CO.CO.CO 

verts  uric  acid  into  alloxan  or  mesoxalyl  urea    \  \ 

NH.CO.NH 
On  evaporating  uric  acid  carefully  to  dryness  with  nitric 
acid,  a  reddish  residue  is  obtained,  which  becomes  purple 
red  when  moistened  with  ammonia.  This  is  the  ammonium 
salt  of  an  acid  termed  purpuric  acid,  and  was  formerly 
largely  employed  as  a  colouring  matter  under  the  name 
murcxide.  It  forms  crystals,  which  have  a  green  metallic 
lustre,  and  the  composition   C8H4(NH4)N606,  and  gives  a 
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beautiful  purple  solution  with  water,  the  colour  changing  to 
blue  on  addition  of  potash. 

Xanthine,  Q^^fi^ ;  Sarctne,  C6H4N4O,  and  Guanine^ 
CfiHgNfiO,  are  compounds  occurring  in  the  animal  organism 
closely  related  to  uric  acid. 

Creatine f  C4H0N3O2+H2O,  occurs  in  small  quantities  in 
muscular  tissue  and  urine,  and  is  formed,  like  urea  an4  uric 
acid,  by  the  oxidation  of  the  nitrogenous  animal  tissue.  It 
crystallizes  in  bright  colourless  prisms,  and  in  contact  with 
baryta  water  decomposes  into  urea  and  s^rcosinQ  : 

Creatine  yields    Urea    and    Sarcosine. 

C^HjNgOj  +  HjO  =  CHiNjO  -f  Cj  HyNO,. 

Sarcosine  can  be  artificially  prepared  by  acting  upon 
monochloracetic  acid  with  methylamine  :  it  is  therefore 
methyl-glycocoU. 


Monochloracetic  and  Methylamine  give  Sarcosine   and    Hydrochloric 
Acid  Acid. 

CH2CI  CHs^  CHs.NH.CH8 

I  +        H   }-N     =      I  4-  HCL 

COOH  H   I  COOH 


If  sarcosine  be  heated  with  an  alcoholic  solution  of 
cyanamide  it  reforms  creatine. 

CH2.NH.CH3  CN.  CH2.N(CHa)C=NH 

COOH  NH2  COOH  NHj. 

Creatinine  is  obtained  by  eliminating  i  molecule  of  water 
from  creatine : 

CH2.N(CH8).C=iNH  CH2  N(CH8).C  :  NH 

I  1=1  I  +H2O. 

CO.OH         NH2  CO NH 

Creatine.  Creatinine. 

It  also  occurs  in  urine,  and  crystallizes  in  colourless  prisms ; 
its  solution  has  an  alkaline  reaction,  and  it  yields  with  acids 
a  series  of  well  crystallized  salts. 

Theobromine^  C7H8N4O2,  a  weak  base  contained  in  cacao- 
beans,  is  a  white  crystalline  powder  having  a  bitter  taste.  It 
can  be  artificially  prepared  from  xanthine,  by  dissolving  it  in 
caustic  soda  and  adding  lead  acetate,  when  lead  xanthate, 
CfiH2PbN402,   is    precipitated,   and  this,   on  heating  with 
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methyl  iodide,  yields  dimethyl-xanthine  or  theobromine.  If 
this  latter  body  be  again  treated  in  a  similar  manner,  methyl- 
theobromine  or  caffeine  is  obtained. 

Caffeine  or  Theine^  C7H7(CH3)N402,  is  the  active  principle 
in  coffee  and  tea  ;  it  is  also  found  in  the  leaves  of  the  Ilex 
paraguaensisy  a.  decoction  of  which  is  used  in  South  America 
in  place  of  tea,  and  also  in  guarana,  a  kind  of  chocolate  made 
from  the  fruit  of  the  Paulinia  sorbiiis.  The  quantity  of 
caffeine  contained  in  tea  is  about  2  per  cent.,  whilst  coffee 
contains  o'8  to  i  per  cent.,  guarana  5  per  cent.,  and  Paraguay 
tea  about  1*2  per  cent. 

Xanthine,  theobromine  and  caffeine  possess  a  constitution 
similar  in  many  respects  to  that  of  uric  acid,  as  will  be  seen 
from  the  following  formulae : 

HN CH  CHsN CH 

I         II  I         II 

CO     C— NH  CO      C— NCHg 

I        I       >co.  I        I       >CO. 

HN CziN^  HN C— N^ 

Xanthine.  Theobromine. 

CHoN CH 

I  II 

CO      C— NCH, 

I        I       >co. 

CHgN CzzN"^ 

Ca£feine. 


LESSON  XXXVII 

TRIAD  ALCOHOLS  AND  THEIR  DERIVATIVES 

The  hydrocarbon  radicals  having  the  general  formula 
C„H2n_i  act,  in  accordance  with  the  views  already  expressed 
(p.  279),  as  trivalent  radicals  yielding  alcohols  of  which 
glycerine  ox  glycerol^  C3H5(OH)3,  is  the  best  known. 

The  relation  existing  between  the  monad-,  dyad-,  and  triad 
alcohols  of  the  same  carbon  series  is  a  very  simple  one, 
as  is  seen  by  the  following  comparison  of  the  three-carbon 
series : 


irir  GLYCEROL  37s 

Propane CjHs. 

Pxx>pyl  alcohol CjHjOH. 

Propylene  alcohol  or  glycol C,Il8(OII>^ 

Propenyl  alcohol  or  glycerol CjHi(OHt,. 

The  glycerols  of  the  mono- and  di-carbon  series  have  not 
been  prepared ;  that  of  the  tri-carbon  series  is  best  known, 
and  may  be  taken  as  the  type  :  higher  glycerols  have  also 
been  prepared. 

Glycerol,  Glycerine,  or  Propenyl  Alcohol,  C3H((OH)3.— This 
substance  is  contained  in  must  oils  and  fats,  both  vegetable 
and  animal,  which  consist  of  glycerol  salts  of  the  higher 
members  of  the  fatty  acid  series  and  of  the  oleic  series  ;  thus 
beef-suet  or  stearin,  is  glyceryl  tristearate,  or  glycerol 
in  which  the  3  atoms  of  typical  hydrogen  have  been  re- 
placed by  3  molecules  of  the  radical  of  stearic  acid 
CijHjjO  (p.  344)  ;  whilst  olive  oil  consists  chiefly  of  propenyl 
trioleate.  Glycerol  is  also  produced  in  small  quantities  in 
the  fermentation  of  sugar,  and  is  formed  from  fats  by 
the  process  of  saponification,  or  treatment  of  the  oil  with 
caustic  alkali,  which  decomposes  the  compound,  forming  an 
alkaline  stearate  (soap),  and  liberating  the  glycerol,  which 
remains  in  solution  when  the  soap  is  separated  by  thro*  ' 
in  common  salt.  In  order  to  obtain  pure  glycerol,  the  fat  | 
may  be  decomposed  by  lead  oxide  ;  the  glycerol  remains  in 
solution,  and  the  lead  soap  or  plaister  is  precipitated. 
Another  and  better  method  is  to  decompose  the  fats  with 
high  pressure  steam,  free  stearic  acid  and  glycerol  being 

Tristcarin.  GLycrroL  Slearic  Add. 

C3H60j(Ci8HjjO)s  +  3II5O  =  C,H,(0H)3  +  3Ci,HsaOr 

Glycerol    is  a  colourless  thick   syrupy   liquid,  of  specific 
gravity  vrj  \  it  possesses  a  very  sweet  taste  (whence  its 
name),  and  is  soluble  In  water  and  alcohol     It  can  be  dis- 
tilled in  presence  of  aqueous  vapour  and  in  a  vacuum,  but  it 
undei^oes  decomposition  when  heated  in  the  air.    When 
mixed  with  dilute  nitric  acid,  glycerol  undergoes  oxidation  I 
and  forms  ^((yc^wanrf,  C3H5O,,  by  exchange  of  Hj  for  O  ;  I 
this  acid  therefore  stands  to  glycerol  as  acetic  acid  does  to  J 
ethyl  alcohol;  glycerol,  CHj(0H).CH(0H).CH2(0H).;  gly-   1 
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eerie  acid,  CH,(0H).CH(0H).C02H.  Glycerol  is  reduced 
by  hydriodie  aeid  to  secondary  prenyl  iodide. 

Propenyl  Nitrate^  Nitro-glyceroly  or  Nitro-gfycerine^ 
C^^{^0^^,  is  prepared  by  acting  on  glycerol  in  the  cold 
with  a  mixture  of  strong  nitric  and  sulphuric  acids. 

This  substance  explodes  violently  on  percussion,  and  has 
been  used  for  blasting  and  other  purposes  under  the  name  of 
NobeFs  Blasting  Oil, or  Glonoin  Oil.  It  is,  however,  extremely 
dangerous,  and  has  caused  many  fatal  accidents.  It  is 
absorbed  in  large  quantities  by  a  siliceous  earth  known 
as  kieselguhry  and  is  then  termed  Dynamite^  in  which  form 
it  may  be  handled  with  comparative  safety. 

Heated  with  hydrochloric  acid,  glycerol  forms  compounds 
termed  Chlorhydrins,  by  the  replacement  of  i,  2,  or  3 
hydroxyl  groups  (OH)  by  chlorine.  Of  each  of  the  first 
two  terms,  /.^.,  monochlorhydrin  and  dichlorhydrin,  there 
are  two  isomerides  (compare  with  primary  and  secondary 
propyl  compounds)  ;  thus  there  is  the  a-dichlorhydrin^ 
CH2(0H).CHC1.CH2C1,  and  the  p-dicklorkydrin,  CH,CL 
CH(0H).CH2C1. 

Glycerol.  Chlorhydrin.  Dichlorhydrin.      Trichlorhydrin. 

C,H5(0H)8 ;      C8H«(OH)3Cl ;      C8H6(OH)CIa ;      CgHjCV 

Glycerol  Ethers  of  the  Fatty  Acids. — The  acetins  are  pre- 
pared by  the  action  of  strong  acetic  acid  upon  glycerol ;  they 
are  three  in  number  ; 

Mono-acetin.  Di-acetin.  Tri-acettn. 

C8H5(0H)2(0C2H30) ;    C8H5(OH)(OC2H80)2  ;    C8H5(OCaH,0)^ 

These  substances,  which  resemble  the  fats  in  constitution, 
are  obtained  by  acting  upon  glycerol  with  glacial  acetic  acid, 
They  are  thick  oily  liquids,  only  sparingly  soluble  in  water, 
and  boiling  at  a  high  temperature. 

By  the  action  of  sodium  ethylate  upon  mono-,  di-,  and  tri- 
chlorhydrin, the  three  ethyl-propenyl  ethers,  or  ethylins^ 
have  been  prepared  ;  these  are  : 

Ethylin.  Diethylin.  Triethylin. 

C3H5.(OH)2(OC2H5);   C3H5(OH)(OC2H6)2 ;   Z^Yir^OQ^i)^ 

The  Natural  Fats  and  Oils, — The  Stearic,  Palmitic, 
and  Oleic  ethers  of  glycerol,  or  Stearins^  Palmitins,  and 


Oleins,  are  of  great  importance,  as  forming  the  natural  fats. 
The  stearins  may  be  prepared  artificially  by  heating  glycerol 
with  stearic  acid. 


CaH,(OH)j(OCisn„0)  ;   CsH6(0H)(0.C,aHs,0)j; 

I  Tristearin  can  be  obtained  by  melting  beef  or  mutton 
suet,  separating  the  fibrous  matter  by  filtration  and  crystal- 
lizing the  stearin  from  solution  in  hot  ether.  It  forms  blight 
white  shining  plates,  insoluble  in  alcohol  and  water,  but 
readily  soluble  in  ether. 

Corresponding  propenyl  ethers  have  been  prepared  with 
many  of  the  other  members  of  the  series  of  fatty  acids. 

The  fats  cannot  be  distilled  without  decomposition,  and, 
when  heated,  give  rise  to  a  powerfully  smelling  substance 
called  acrolein  (p.  379).  The  oils  are  divided  into  the  drying 
and  non-drying  classes  ;  the  former  become  dry  and  resinous 
on  exposure  to  air  from  oxidation,  whilst  the  others  remain 
unaltered.  The  drying  oils  are  generally  glycerides  of  acids 
not  belonging  to  the  fatty  acid  series,  though  closely  related 
to  them  (see  p.  380) :  such,  for  instance,  is  the  acid  of  linseed 
oil,  called  Unoleic  acid,  C,sHB,Oa.  Oleic  acid,  CisH340i, 
another  acid  of  this  series,  is  found  in  almost  all  oils  and 
fats,  the  compound  of  this  acid  with  glycerol  constituting 
the  liquid  portions  of  the  fats. 

Fatty  bodies  when  boiled  with  alkali  undergo  the  change 
termed  Saponification  (p.  375)  ;  the  fat  is  decomposed  into 
a  fatty  acid,  which  combines  with  the  alkali,  yielding  a  soap, 
and  glycerol  is  liberated;  both  pass  into  solution.  The 
soap  is  then  thrown  out  of  solution  by  addition  of  common 
salt ;  if  soda  be  used  as  the  alkali  a  hard  soap  is  obtained  ; 
if  potash  be  employed,  soft  soap  remains.  TTie  saponifica- 
tion of  a  fat  corresponds  exactly  to  the  decomposition  of  an 
ethereal  salt^or  of  an  inorganic  salt — by  an  alkali  i  and 
indeed  it  is  frequent  lo  speak  of  the  "saponification"  of 
ethers,  such  as  elhyl  acetate,  &c.,  although  the  salt  formed 
has  none  of  the  familiar  properties  of  a  soap.  The  ti 
hydrolysis  is  now  however  usually  employed  in  such  c. 
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C8Hb.(O.C,8H350),  +  3KOH  =  C3H5(OH)8  +  sCmH^O.OK. 
Stearin.  Glycerol.         Potassium  stearate. 

CaHB-O.CjHgO  +  KOH  =  CaHe-OH  +  CaHjO.OK. 
Ethyl  acetate.  Ethyl  alcohol.    Potassium  acetate. 

FeS04  +  2KOH  =  Fe(OH),  +  KJSO4. 
Ferrous  Ferrous       Potassium 

sulphate.  hydrate.       suli^te. 


Lecithin^  C42H84NPO9,  is  a  wax-like  body  found  in  the 
brain,  nerves,  and  blood  corpuscles.  When  boiled  with  an 
acid  it  is  resolved  into  glyceryl — phosphoric  acid,  choline, 
and  either  stearic,  palmitic,  or  oleic  acid,  or  a  mixture  of  these. 
The  substance  is  therefore  a  mixture  of  choline  and  stearic, 
palmitic,  or  oleic  acid  derivatives  of  glycerol — phosphoric 
acid ;  that  derived  from  stearic  acid  has  the  constitution : 

O.  PO.(OH)OC2H4N(CH^tOH. 


/O.PO.(OH) 
tO.CigHaaO. 


Ally  I  Compounds. 

The  trivalent  radicals,  C„H2„._i,  can  also  act  as  mono- 
valent radicals  when  two  atoms  of  carbon  are  doubly  linked. 
Hence  the  compounds  of  these  radicals  stand  to  the  olefines 
in  the  same  relation  as  the  compounds  of  the  monad  radicals 
methyl,  ethyl  &c.,  do  to  the  paraffins.  They  combine  readily 
with  bromine  or  hydrogen,  and  in  this  respect  differ  essen- 
tially from  the  compounds  of  the  ethyl,  ethenyl,  and  pro- 
penyl  series.  The  best  known  of  these  monad  radicals  is 
allyl^  C3H6,  which  has  the  same  composition  as  the  radical 
propenyl,  the  difference  being  represented  by  the  formulae  : 

CH^ —  CHj 

I  II 

CH—  CH 

I  I 

CH2 —  CHg — 

Propenyl  (triad).  Allyl  (monad). 

The  allyl  compounds  in  properties  closely  resemble  the  ethyl 
compounds.  By  the  action  of  phosphorus  iodide  upon 
glycerol,  the  iodide  C3H5I  of  a  monovalent  radical  is  obtained, 
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from  which  a  number  of  bodies  have  been  derived,  whilst  the 
acrid  substance  ncrolein^  formed  in  the  destructive  dis- 
tillation of  glycerol,  is  the  aldehyde  of  this  series. 

Ally  I  Alcohol^  CgHgCOH),  is  formed  in  large  quantity  when 
glycerol  is  heated  with  oxalic  acid  to  190°  ;  tnonoforvtin 
is  first  produced,  and  this  at  a  higher  temperature  yields 
allyl  alcohol,  water,  and  carbon  dioxide  : 

CH,.O.CHO  CHj 

CH.OH  =     CH         +       HjO  +  CO2.1 

CH,.OH  CH2.OH 

Monoformin    yields    Allyl  Alcohol,  water  and  Carbon  dioxide. 

It  is  a  colourless  liquid,  boiling  at  97^,  and  possessing  a 
pungent  smell.  It  is  oxidized  in  presence  of  air  and  platinum 
•to  acrolein  and  acrylic  acid,  which  stand  to  this  alcohol 
in  the  same  relation  as  aldehyde  and  acetic  acid  stand  to 
ethyl  alcohol  :  thus  acrolein  is  CHg :  CH.CHO,  and  acrylic 
acid  CH2 :  CH.CO2H.  Sodium  dissolves  in  allyl  alcohol, 
forming  sodium  allylate,  the  one  atom  of  typical  hydrogen 
in  the  alcohol  being  replaced  by  sodium.  When  this  sub- 
stance acts  upon  allyl  iodide,  an  exchange  of  allyl  and 
sodium  takes  place,  di-allyl  ether^  ^^bi'f^i  being  formed. 
Allyl  sulphide,  ^z^bi'^^  boils  at  140°,  and  is  remarkable 
as  occurring  in  nature  as  the  essential  oil  of  garlic  ;  and 
the  sulphide  artificially  prepared  by  acting  on  allyl  iodide 
with  an  alcoholic  solution  of  potassium  sulphide,  is  identical 
in  properties  with  the  natural  essence.  In  like  manner  allyl 
thiocarbimide,  CS.NCaHg,  isomeric  with  allyl  thiocyanate, 
C3H5SCN,  is  found  as  the  essential  oil  of  black- mustard 
seed  ;  it  can  also  be  artificially  prepared  by  treating  allyl 
iodide  with  silver  thiocyanate.     It  boils  at  148°. 

Acrolein,  C3H4O,  is  the  aldehyde  of  allyl  alcohol,  and  is 
formed  when  the  alcohol  is  oxidized,  two  atoms  of  hydrogen 
being  removed.  Acrolein  is  also  produced  by  the  abstraction 
of  two  molecules  of  water  from  glycerol : 

CsHgOa  -  2H2O  =  C3H4O 

hence  its   production  when  glycerol   or  a  fat    is  heated. 

1  A  single  dot  or  short  line  between  two  atoms  or  groups  of  atoms  signifies 
that  the  adjoining  atoms  are  connected  by  single  linkage.  Where  two  dots  or 
two  short  lines  occur  a  double  linkage  of  the  atoms  is  denoted. 
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Acrolein  is  a  colourless  liquid,  boiling  at  52°*4,  and  possessing 
a  most  pungent  odour,  which  attacks  the  mucous  membrane 
of  the  nose  and  eyes.  It  rapidly  oxidizes  to  acrylic  acid, 
C2H3.CO2H,  a  substance  possessing  a  close  analogy  with 
acetic  acid,  and  which  combines  with  hydrogen  to  form  pro- 
pionic acid. 

Acrylic  acid  is  the  first  term  of  a  series  of  monobasic  acids, 
the  corresponding  alcohols  being  for  the  most  part  unknown. 
They  differ  from  the  series  of  fatty  acids  in  containing  two 
atoms  of  hydrogen  less. 


Cimicic  acid  .  .  .  Ci^Hfufif. 
H)rpogaeic  acid  .  .  CigH^oO^ 
Oleic  acid  ....  Ci8Hj40j. 
Erucic  acid     .    . 


CigHi 


Acrylic  acid     .    .  .  C8H4  Oj. 

Crotonic  acid  .    .  .  C4Hg  Oj. 

Angelic  acid    .    .  .  CgHg  Oj. 

Pyroterebic  add  .  .  CqHiqO^ 

Crotonic  acid  occurs  in  croton  oil,  and  angelic  acid  in  the 
archangel-root,  whilst  angelic  aldehyde,  CsHgO,  is  contained 
in  the  essential  oil  of  chamomile.  Oleic  acid  exists,  as  has 
been  said,  in  many  oils,  especially  in  almond  oil,  olive  oil, 
and  lard  :  this  acid  when  acted  upon  by  nitrous  acid  forms  a 
new  solid  acid  isomeric  with  oleic  acid,  and  called  elaidic 
acid,  Erucic  acid  is  contained  in  rape-seed  oil.  The  series 
receives  the  name  of  the  acrylic  or  the  oleic  acids.  The  acids 
oxidize,  in  contact  with  the  air,  being  converted  into  resinous 
bodies,  and  to  this  is  due  the  property  which  these  oils  have 
of  drying  on  exposure  to  the  air. 


Hydrocarbons  of  the  Acetylene  Series,  C„H2n-2. 

A  series  of  non-saturated  hydrocarbons  homologous  with 
acetylene  (p.  89)  exists  ;  they  combine  directly  with  two  and 
four  atoms  of  chlorine  or  bromine,  and  in  the  latter  case 
form  saturated  compounds.  These  hydrocarbons  are  closely 
related  to  those  of  the  ethylene  series  (p.  353).  Thus,  by 
acting  upon  the  iodides  or  bromides  of  the  ethylene  series 
with  alcoholic  potash,  we  get  the  hydrocarbon  of  the  acetylene 
series : 

Ethylene  dibromide.  Acetylene. 

CIIaBr.CHsBr  +  2KOH  =  CHjCH  +  2KBr  +  2H2O. 

The  following  is  a  list  of  the  acetylene  hydrocarbons  : 
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Acetylene  . 

Allylene 

Crotonylene 

Valerylene 

Hexoylene 


CgH. 

C3H4  — 

C4H6  18 

C5H8  45; 

CgHjo    80" 


B.  P.  B.  P, 

(Enanthylidene  .  C7  H12  107 

Caprylidene    .    .  Cg  H14  133 

Decenylene     .    .  CioH^g  165 

Benylene     .    .    .  CjjHgg  225" 

Cetenylene     .    .  Ci^H^q  280* 


Acetylene^  or  Ethine^  C2H2,  is  produced  by  the  direct 
union  of  carbon  and  hydrogen,  when  the  electric  arc 
is  made  between  two  carbon  poles  placed  in  a  vessel 
filled  with  pure  hydrogen.  It  is  also  formed  whenever  a 
substance  containing  carbon  and  hydrogen  undergoes  in- 
complete combustion.  The  compounds  of  acetylene  with 
certain  metals  are  very  remarkable  ;  if  this  gas  be  passed 
into  an  ammoniacal  solution  of  cuprous  chloride,  a  red  pre- 
cipitate of  cuprous  acetylide^  C2H2CU2O,  is  formed  ;  whilst  if 
an  ammoniacal  solution  of  a  silver  salt  be  used,  a  similar 
compound  (C2H2Ag20),  is  precipitated  as  a  white  powder. 
Both  these  substances  explode  when  heated  or  struck  with  a 
hammer ;  and  both  when  heated  with  hydrochloric  acid 
evolve  acetylene  gas  : 

CjHaCuaO  +  2HCI  =  CaHj  +  Cu,Cla  +  HaO. 

Allylene,  C3H4,  or  Propine,  is  formed  by  the  action  of  pot- 
ash upon  propylene  dichloride.  The  other  members  of  this 
series  are  powerfully  smelling  liquids  which  combine  with 
two  and  four  atoms  of  bromine. 

Other  hydrocarbons  are  known  containing  less  hydrogen 
than  those  of  the  acetylene  series.  The  most  interesting  of 
these  is  dipropinyl,  CH  =  C — CH2.CH2.CBCH,  which  is 
isomeric  with  benzene,  but  has  completely  different  pro- 
perties, e,g,  it  combines  readily  with  eight  atoms  of  bromine. 

TETRAD  ALCOHOLS  AND  THEIR  DERIVATIVES. 

The  most  important  tetrad  alcohol  is  erythrtte  oxerythroly 
C4Hq(OH)4,  a  solid  white  substance  found  in  certain  lichens 
and  fungi.  When  dissolved  in  cold  concentrated  nitric  acid, 
eiythrol  forms  the  nitrate  of  this  alcohol,  C4Hq(N03)4,  a 
body  crystallizing  in  large  white  prisms,  and  decomposing 
with  explosion  on  percussion.  Treated  with  hydriodic  acid, 
erythrol  forms  secondary  butyl  iodide  ; 
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C4Hfi(OH)4  +  7HI  =  C4H9I  +  4H,0  +  31^ 
CH,(OH>.CH{OH).CH(OH).CH,(OH),  ErydiroL 
C H3. CHj.CHI.CHg,  Secondary  butyl  iodide. 


HEXAD  ALCOHOLS  AND  THEIR  DERIVATIVES. 

The  derivatives  of  the  hexad  alcohols  are  of  great  im- 
portance as  they  include  the  group  of  the  sugars,  which  stand 
in  close  relation  to  starch,  cellulose,  &c. 

The  best  defined  member  of  the  series  is  mannitol  or 
mannitey  CeH8(0H)g.  This  is  a  sugar>like  substance  con- 
tained in  manna,  the  exudation  of  several  species  of  ash.  It 
is  a  white  crystalline  compound  and  has  a  pleasant  sweet 
taste.  That  it  is  really  a  hexad  alcohol  is  shown  by  the  fact 
that  it  yields  a  hexanitrate,  C0H8(NO3)g,  and  a  hexacetate, 
CeH8(OC2H30)e.  When  it  is  treated  with  hydriodic  acid  it 
yields  secondary  hexyl  iodide,  which  contains  a  normal  chain 
of  carbon  atoms.  Its  constitution  is  therefore  represented  by 
the  formula : 

CHj(OH).CH(OH).CH(OH).CH(OH).CH(OH).CH,(OH). 

Mannitol  is  also  obtained  by  the  reduction  of  the  sugars 
mannose  and  fructose  (or  levulose),  which  are  the  corre- 
sponding aldehyde  and  ketone. 

An  examination  of  the  above  formula  for  mannitol  shows 
that  it  contains  4  asymmetric  carbon  atoms,  therefore  the 
existence  of  isomerides  similar  to  those  of  tartaric  acid  would 
be  expected.  A  number  of  these  have  in  fact  been  obtained. 
The  more  important  are : 

Dulcitol  ox  Dulcite,  CQHg(OH)g.  This  is  found  in  Mada- 
gascar manna,  and  is  also  a  white  crystalline  substance,  but 
has  a  less  sweet  taste  than  mannitol.  It  is  also  formed  by 
the  reduction  of  the  sugar  galactose,  which  is  the  correspond- 
ing aldehyde. 

Sorbitol  or  Sorbite  CgH8(OH)Q  is  obtained  from  mountain- 
ash  berries  and  also  by  the  reduction  of  glucose  (dextrose), 
which  is  the  corresponding  aldehyde. 
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Under  this  name  a  number  of  compounds  have  been 
classed,  which  all  contain  six  atoms  of  carbon  or  a  multiple 
of  that  number,  together  with  hydrogen  and  oxygen  in  the 
proportion  necessary  to  form  water.  They  form  a  very  im- 
portant class  of  substances,  occurring  in  the  bodies  of 
plants  and  serving  as  food  for  men  and  animals. 

They  are  divided  into  three  chief  classes :  (i)  the  glucoses 
or  hexoses  ;  (2)  the  saccharoses  ;  (3)  the  amyloses.  Each  of 
these  classes  contains  many  distinct  substances  : 

X.  Glucoses  or  hexoses.  a.  Saccharoses.  Amyloses. 

(QHioOs^. 
Glucose  or  dextrose  +  Cane-sugar  +  Starch  + 

Fructose  or  levulose  —         Lactose  +  Glycogen  + 

Galactose  +  Melezitose  +  Dextrin  + 

Sorbose  or  sorbinose  —        Maltose  +  Inulin  — 

Gums 
Cellulose 
Tunicin 

One  of  the  most  important  distinguishing  physical  pro- 
perties of  these  bodies  is  their  action  on  polarized  light. 
Like  tartaric  acid,  and  many  other  substances,  these 
compounds  possess  the  power  of  rotating  the  plane  of 
polarization,  some  to  the  right  hand  and  some  to  the  left : 
thus  glucose,  or  grape-sugar,  turns  to  the  right ;  fructose, 
or  levulose,  to  the  left.  The  right-handed  substances  are 
marked  in  the  preceding  list  with  a  -♦-,  the  left-handed 
with  a  — . 

The  chemical  constitution  of  the  glucoses  has  now  been 
for  the  most  part  determined,  and  some  of  them  have 
been  artificially  prepared  ;  new  members  of  the  series  have 
also  been  synthetically  obtained  which  have  not  as  yet  been 
found  in  nature.  They  are  all  aldehydes  or  ketones  derived 
from  the  hexad  alcohol ; 
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CH2(OH).CH(On).CH(OH).CH(OH).CH(OH).CH2(OH) 
and  have  one  of  the  two  following  structural  formulae : 

{a)  CH2(OH).CII(OH).CH(OH).CH(OH).CH(OH).CHO. 
{d)  CH2(OH).CH(OH).CH(OH).CH(OH).CO.CH2.0H. 

The  first  formula  contains  four  asymmetric  carbon  atoms, 
and  the  second  three,  so  that  we  have  a  large  number  of  differ- 
ent isomerides  possible  having  the  same  structural  formula. 
A  discussion  of  the  relations  of  all  these  isomerides,  and  of  the 
numerous  compounds  derived  from  them  is  impossible  in  a 
work  of  this  size,  and  only  those  compounds  will  be  described 
here  which  have  a  practical  or  especial  theoretical  interest 

Substances  are  also  known  which  are  very  similar  in  con- 
stitution and  properties  to  the  glucoses,  but  which  only 
contain  5  atoms  of  carbon  ;  these  are  known  as  pentoses. 
Similar  compounds  containing  7, 8,  and  9  carbon  atoms  have 
been  synthetically  prepared. 

The  constitution  of  the  saccharoses  is  closely  connected 
with  that  of  the  glucoses,  as  they  are  derived  by  the  union 
of  two  molecules  of  glucoses,  with  elimination  of  water : 

CgHijOg  CgHiiOsv 

^O  +  H2O. 

They  therefore  stand  to  the  glucoses  in  the  same  relation  as 
alcohol  to  ether. 

The  constitution  of  the  amyloses  is  at  present  unascer- 
tained, and  very  few  facts  have  been  observed  which  give 
any  indication  of  their  structure. 


THE  HEXOSES,  OR  GLUCOSES 

Glucose^  Dextrose^  Grape-sugar  or  Starch-sugar^  CgHijOg, 
is  found  in  many  kinds  of  fruit,  in  manna  and  honey  mixed 
with  fructose  (levulose).  It  forms  a  normal  constituent  of 
blood,  and  white  of  egg,  and  exists  in  small  quantity  in  healthy 
urine,  whilst  it  is  excreted  in  large  quantities  in  that  liquid 
in  the  disease  termed  diabetes. 

Glucose  is  formed  in  many  ways  : 

(i)  By  boiling  starch  or  dextrin  with  dilute  acids. 
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(3)  By  the  action  of  malt  upon  starch  (see  Dextrin,  p.  39I). 

(3)  By  the  action  of  dilute  acids  upon  cane-sugar  (when  it 
is  formed  together  with  fructose). 

(4)  By  the  action  of  acids  upon  many  glucosides  {v.  infra). 
Glucose  is  prepared  by  boiling  starch  with  dilute  sulphuric 

acid,  adding  chalk  to  neutralize  the  acid,  and  evaporating  the 
liquid  to  a  syrup  when  the  sugar  crystallizes.  It  may  also  be 
easily  prepared  by  washing  honey  with  ordinary  alcohol ;  the 
fructose  being  more  soluble  is  thus  removed.  It  is  soluble  in 
its  own  weight  of  water,  dissolves  easily  in  dilute  alcohol, 
and  is  not  nearly  so  sweet  as  cane-sugar  ;  the  crystals  contain 
one  molecule  of  water,  which  they  lose  at  60°.  Glucose 
immediately  precipitates  red  cuprous  oxide  from  alkaline 
cupric  solutions  (Fehling's  solution)  ;  and  Ihe  quantity  of 
glucose  present  in  a  solution  can  be  ascertained  by  em- 
ploying a  standard  solution  of  alkaline  copper  salt  From 
silver  salts  the  metal  is  deposited  by  glucose  in  the  form 
of  a  mirror.  Glucose,  as  already  mentioned,  rotates  the 
plane  of  polarised  light  to  the  right. 

Glucose  is  an  aldehyde  having  the  formula  given  on 
p.  384.  under  fa),  the  corresponding  alcohol  being  sorbitol- 
It  has  been  artificially  prepared  by  means  of  a  series  of  most 
interesting  but  complicated  reactions.  A  substance  has 
also  been  obtained  synthetically  which  only  differs  from 
glucose  inasmuch  as  it  rotates  the  plane  of  polarization  to 
the  left  as  much  as  the  latter  does  to  the  right.  The  name 
dextrose  was  given  to  glucose  because  of  its  dextro-rotatory 
action,  but  in  view  of  the  existence  of  the  above  lavo- 
isomeride  it  is  inadvisable  to  retain  that  name,  and  a  similar 
objection  applies  to  the  term  levulose. 

Fructose,  Levulose,  or  Fruit-iugar,  CjHijOo  was  for  a  long 
lime  only  known  as  a  syrup,  but  may  be  obtained  crystalline 
by  trealnient  with  absolute  alcohol ;  it  is  more  soluble  in 
water  and  alcohol  than  glucose,  and  is  also  sweeter.  Its 
action  on  polarized  light  changes  remarkably  with  the 
temperature.  Fructose  reduces  cupric  salts  like  glucose  ; 
it  is  obtained  by  neutralizing  with  lime  the  mixture  of 
hexoses  obtained  by  the  action  of  sulphuric  acid  on  cane- 
sugar.  The  fructose  forms  a  compound  with  the  iime,  vi*. 
C„H,;0|,.CaO-(-2HjO,  which  is  a  solid,  whilst  glucose  forms 
a  liquid  compound.     By  decomposing  this  lime-compound 
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with  oxalic  acid  pure  fructose  is  obtained.  It  is  also  obtained 
by  the  action  of  acids  on  inulin  (p.  392). 

Fructose  has  the  structural  formula  given  above  on  p.  384 
under  (^),  and  is  a  ketone  derived  from  mannitol.  It  has 
also  been  obtained  synthetically  as  well  as  the  derivative  of 
the  same  formula  but  with  the  opposite  rotatory  power. 

Galactose  is  an  aldehyde  sugar  of  which  diilcitol  is  the 
corresponding  alcohol,  and  is  obtained  together  with  glucose 
by  the  action  of  acids  on  lactose  or  milk-sugar.  It  forms 
large  sweet-tasting  rhombic  prisms. 

Sorbose^  or  Sorbinose  is  a  ketone-sugar  and  has  not  been 
so  closely  investigated  as  the  others. 

Mannose  is  the  -aldehyde  sugar  corresponding  to  mannitol, 
and  was  first  prepared  by  oxidizing  that  substance  ;  it  has 
since  been  found  in  different  plants,  and  is  best  obtained 
from  ivory  nut  shavings  by  the  action  of  acids. 

Acrose,  or  Inactive  Fructose  is  a  combination  of  the  two 
optically  isomeric  fructoses,  and  has  been  prepared  syntheti- 
cally in  several  ways  ;  of  these  the  most  interesting  is  its 
formation,  mixed  with  other  products,  by  the  polymerization 
of  formaldehyde  ; 

6CH2O  =  CjH^aOe- 

This  result  is  especially  valuable  as  *:eing  in  confirmation  of 
the  theory  that  in  the  formation  of  sugars  in  plants  from  the 
carbon  dioxide  of  the  air,  the  latter  is  first  reduced  to  form- 
aldehyde, which  then  undergoes  polymerization  with  formation 
of  sugars. 

THE  SACCHAROSES 

Cane-sugar^  or  Saccharose^  ^vt^'iffiw'' — This  important 
substance  occurs  in  the  juice  of  certain  plants,  especially  the 
sugar-cane,  beetroot,  mallow,  and  sugar-maple ;  also,  in 
smaller  quantity,  in  honey  and  various  kinds  of  fruit,  together 
with  a  mixture  of  glucose  and  fructose.  Sugar  is  prepared 
from  the  sugar-cane,  which  contains  about  18  per  cent,  of 
sugar,  by  crushing  out  the  juice  by  passing  the  cane  between 
rollers  ;  the  juice  is  at  once  heated  to  about  60°,  and  a  small 
quantity  of  milk  of  lime  added  for  the  purpose  of  pre- 
cipitating the. albuminous  matter  derived  from  the  cane,  the 
presence  of  which  renders  the  juice  liable  to  quick  fermenta- 


tton.  The  juice  is  then  laised  to  the  boiling-point,  the  scum 
which  rises  to  the  surface  removed,  and  the  clear  liijiiid 
remaining  boiled  down  in  copper  pans  until  It  attains  a 
certain  consistency,  when  it  is  filtered  through  linen  bags, 
and  again  evaporated  to  a  syrup,  which,  on  cooling,  deposits 
crystals  of  moist  or  brown  sugar.  The  mother-liquor  is  again 
ev.iporntcd,  and  again  allowed  to  cool  and  deposit  another 
crop  of  crystals  ;  the  dark-coloured  un  cry  stall  izable  sugar 
is  termed  molasses,  or  treacle.  The  refining  of  sugar  is  a 
process  conducted  chiefly  in  England.  The  raw  sugar  is 
dissolved,  and  again  boiled  with  lime  and  tillered.  The 
filtered  liquor  is  then  decolorized  by  flowing  through  a  thick 
bed  of  animal  charcoal,  and  the  colourless  filtrate  evaporated 
down  to  the  point  of  crystallization,  under  diminished  pres- 
sure, in  vacuum  pans.  The  object  of  this  is  to  enable  the 
syrup  to  boil  at  a  lower  temperature  than  it  would  do  under 
the  ordinary  pressure,  and  thus  to  prevent  fortnation  of  un- 
crystallizable  sugar,  and  to  avoid  the  charring  and  colouring 
of  the  syrup  which  otherwise  takes  place.  The  concentrated 
syrup  is  either  allowed  to  crystallize  in  moulds,  giving 
loaf  sugar,  or  the  small  crystals  are  freed  from  adhering 
mother-liquor  by  quick  drying  in  a  hydro-extractor,  or  rapidly- 
revolving  sieve.  Much  saving  is  attained  by  the  use  of  the 
vacuum  pan  ;  and  if  its  employment  were  universal  in  the 
colonies,  where  the  sugar  is  first  prepared,  the  formation  of 
much  treacle,  or  uncryst  all  izable  sugar,  would  be  avoided, 
and  the  profit  to  the  planter  proportionately  increased.  A 
method  of  treating  the  cane-juice  has  lately  been  proposed 
which  bids  fair  lo  revolutionize  the  manufacture  of  raw  sugar. 
It  depends  upon  the  fact,  that  by  a  peculiar  plan  of  rapid 
evaporation  the  whole  of  the  water  can  be  got  rid  of,  without 
charring  the  sugar,  which  is  thus  obtained  as  a  solid  mass, 
and  all  formation  of  treacle  avoided. 

A  very  large  proportion  of  cane  sugar  is  now  manufactured 
from  the  beetroot,  the  process  being  carried  out  chiefly  in 
France  and  Germany. 

Sugar  crystallizes  in  monosymmetric  prisms,  which  phos- 
phoresce when  broken,  and  have  a  specific  gravity  of  i'6o6. 
It  is  soluble  in  one-third  of  its  weight  in  cold,  and  in  all  propor- 
tions in  hot  water,  and  is  nearly  insoluble  in  alcohol  and  ether. 
Sugar  melts  at  160^  to  a  colourless  liquid,  which  solidifies  on 
C  C  3 
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cooling  to  a  colourless  transparent  mass  (barley-sugar),  and 
on  standing  becomes  crystalline  and  opaque.  When  more 
strongly  heated  water  is  given  off,  and  a  dark-coloured  mass 
called  caramel  is  left  behind.  When  acted  on  by  nitric  acid, 
either  saccharic  or  oxalic  acid  is  formed,  according  to  the 
strength  of  the  acid  and  the  heat  employed.  Strong  sulphuric 
acid  converts  sugar  into  a  black  mass,  with  evolution  of  sul- 
phur dioxide.  A  mixture  of  these  two  acids  in  the  cold  acts 
on  sugar  to  form  a  nitro-compound,  Ci2Hi8(N  02)4011,  an 
amorphous  mass  liable  to  explode  on  percussion. 

Cane-sugar  does  not  reduce  Fehling's  solution  in  the  cold, 
but  does  so  on  warming  owing  to  the  fact  that  it  is  then 
converted  by  the  action  of  the  alkali  present  into  a  mixture 
of  glucose  and  fructose.  The  same  reaction  is  brought 
about  by  heating  it  with  dilute  acids,  showing  that  cane- 
sugar  is  derived  from  a  molecule  of  glucose  and  a  molecule 
of  fructose  by  the  elimination  of  a  molecule  of  water.  The 
exact  manner  in  which  the  water  is  split  off  is  unknown, 
but  it  has  been  shown  that  both  the  aldehyde  group  of  glucose 
and  the  ketone  group  of  fructose  are  altered  in  the  process. 

The  mixture  of  glucose  and  fructose  thus  formed  is  called 
iiwert'SugaTy  as  it  has  a  laevo-rotatory  action,  in  place  of  the 
dextro-rotatory  action  of  the  original  cane  sugar.  The  latter 
does  not  itself  undergo  fermentation,  but  must  first  be  con- 
verted by  the  action  of  the  ferment  into  invert-sugar,  both 
the  constituents  of  which  can  be  readily  fermented.  Cane- 
sugar  also  combines  with  certain  metallic  oxides  to  form 
definite  compounds  termed  saccharosates. 

Lactose,  or  Milk-sugar,  occurs  only  in  the  milk  of  mam- 
malia, from  which  it  is  obtained  in  the  crystalline  state  by 
evaporation.  The  crystals,  which  are  rhombic,  contain  a 
molecule  of  water  of  crystallization,  given  off  at  140°.  Lactose 
dissolves  in  6  parts  of  cold  and  2*5  parts  of  boiling  water ;  it 
does  not  possess  nearly  so  sweet  a  taste  as  saccharose,  feels 
gritty  in  the  mouth,  and  is  dextrorotary.  Lactose  does  not 
ferment  itself ;  but  when  much  yeast  is  added,  fermentation 
occurs  after  some  time,  mannitol  being  formed.  In  presence 
of  cheese,  &c.  the  lactic  fermentation  sets  in.  Dilute  acids 
convert  lactose  into  glucose  and  galactose,  of  which  com- 
pounds it  is  therefore  the  anhydride.  Lactose  reduces  an 
alkaline  copper  solution  in  the  cold,  precipitating  cuprous 
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oxide,  but  the  quantity  of  this  substance  formed  is  not  so 
great  as  when  the  same  weight  of  glucose  is  employed. 
Lactose,  when  oxidized,  yields  mucic,  saccharic,  tartaric, 
and  oxalic  acids. 

Maltose,  C12H22O11+  HgO,  is  obtained  from  starch  by  the 
action  of  malt  diastase  ;  it  is  a  white  crystalline  substance, 
which  is  converted  by  the  action  of  dilute  acids  into 
glucose,  and  easily  reduces  alkaline  solutions  of  cupric 
oxide. 

Melitose,  or  Raffinose,  Ci8H320ie+5H20,  is  obtained  from 
beet-root  molasses,  and  crystallizes  in  thin  needles  or  prisms. 
It  is  converted  by  dilute  acids  into  glucose,  fructose,  and 
galactose,  and  must  therefore  be  regarded  as  a  double 
anhydride  of  these  compounds, 

CgHjiOg^ 

)0 


> 


All  the  sugars  which  contain  the  aldehyde  group  are  con- 
verted by  moderate  oxidation  into  monobasic  acids.  Those 
obtained  from  the  hexoses  have  all  the  structural  formula  : 

CHj(OH).CH(OH).CH(OH).CH(OH).CH(OH).COOH. 

Further  oxidation  converts  them  into  dibasic  acids  of  the 
structural  formula : 

COOH.(CH.OII)4.COOH. 

Of  the  latter  the  most  important  are  saccharic  acid 
and  mucic  acid.  The  first  is  formed  by  the  oxidation  of 
glucose  and  all  substances  which  yield  glucose  on  treatment 
with  acids,  and  the  latter  by  the  oxidation  of  galactose  and 
all  galactose-forming  substances. 

FERMENTATION 

This  name  has  been  given  to  a  peculiar  and  interesting 
class  of  decompositions,  which  have  long  been  known,  but 
differ  altogether  from  the  ordinary  chemical  actions.     Many 
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organic  bodies  are  capable  of  undergoing  fermentation  in 
presence  of  certain  complicated  substances  t&m\^  ferments , 
giving  rise  to  several  products  differing  according  to  the 
nature  of  the  fermented  body  and  the  ferment.  Careful  in- 
vestigation has  shown  that  two  distinct  kinds  of  ferments 
exist ;  one  of  these  consists  of  living  organisms,  in  the  form 
of  microscopic  fungi,  and  hence  termed  organized  ferments  ; 
the  other  being  non-organized,  and  termed  soluble  ferments, 
or  enzymes.  Different  kinds  of  ferments  give  rise  to  dif- 
ferent products.  Thus  we  have  one  organized  ferment  (yeas^ 
which  effects  the  alcoholic  fermentation,  another  which  sets 
up  the  lactic  fermentation,  a  third  producing  the  acetous 
fermentation,  &c.  In  order  that  the  organism  of  the  ferment 
should  grow,  it  must  be  supplied  with  proper  food,  especially 
with  ammoniacal  salts  and  alkaline  phosphates :  these  are 
contained  in  the  albuminous  matter  generally  present  in 
the  liquid  about  to  be  fermented.  In  order  that  the  fer- 
mentation should  go  on  well,  the  temperature  should  be 
from  20°  to  40° ;  at  much  higher,  as  at  much  lower  tempera- 
tures, the  vitality  of  the  ferment  is  destroyed. 

In  many  cases  spontaneous  fermentation  sets  in  without 
the  apparent  addition  of  any  ferment :  thus  wine,  beer,  milk, 
urine,  &c.,  when  allowed  simply  to  stand  -exposed  to  the  air, 
become  sour  or  otherwise  decompose.  These  changes  are, 
however,  not  effected  without  the  presence  of  vegetable  or 
animal  life,  and  are  true  fermentations :  the  sporules,  or 
seeds  of  these  living  bodies,  always  float  about  in  the  air,  and 
on  dropping  into  the  liquid  "begin  to  propagate  themselves, 
and  in  the  act  of  growing  effect  the  changes  known  as  fermen- 
tation. If  the  above  liquids  be  left  only  in  contact  with  air 
which  has  been  passed  through  a  red-hot  platinum  tube, 
thus  destroying  the  living  sporules ;  or  if  the  air  be  simply 
filtered  by  passing  through  cotton-wool  and  the  sporules 
prevented  from  coming  into  the  liquid,  it  is  found  that  these 
fermentable  liquids  may  be  preserved  for  any  length  of  time 
without  undergoing  the  slightest  change. 

The  following  are  the  five  principal  forms  of  fermenta- 
tion : — 

I.  The  alcoholic  fermentation,  producing  chiefly  alcohol 
and  carbonic  acid,  effected  by  yeast. 
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2.  The  acetous  fermentation,  producing  acetic  acid,  effected 
by  a  peculiar  organism  termed  mycodertna  aceti, 

3.  The  lactic  fermentation,  yielding  chiefly  lactic  acid, 
produced  by  the  action  of  certain  bacteria  or  rod-like 
organisms. 

4.  The  butyric  fermentation,  yielding  chiefly  butyric  acid, 
brought  about  by  another  species  of  bacterium, 

5.  The  mucous  fermentation,  giving  rise  to  gum  and 
mannitol,  and  caused  by  a  distinct  vegetable  growth. 

Alcoholic  Fermentation. — Most  of  the  hexoses  are  able, 
when  dissolved  in  presence  of  the  yeast-plant  {Saccharomyces 
cerevisice),  to  undergo  fermentation,  evolving  mainly  alcohol 
and  carbonic  acid  : 

CeHijOj  =  2C2H5O  +  2CO2. 

About  six  per  cent,  of  the  glucose  undergoes  a  different 
change,  part  being  used  as  nourishment  for  the  yeast,  and 
another  part  forming  glycerol  and  succinic  acid.  From  100 
parts  of  glucose  about  2*5  parts  of  glycerol  are  produced, 
and  o*6  to  07  of  succinic  acid,  whilst  1*2  to  i'5  parts  of  cel- 
lulose and  fatty  matter  are  formed  by  the  growth  of  the  yeast. 
The  alcoholic  fermentation  occurs  best  at  a  temperature  of 
between  25°  and  30°. 

A^on-ors^anized  ferments  or  enzymes  are  contained  in 
many  plants  (see  Glucosides)  as  well  as  in  animal  fluids, 
such  as  saliva,  gastric  juice.  These  ferments  act  like 
diastase,  converting  cane-sugar  into  glucose  and  fructose, 
and  starch  into  glucose  and  dextrin,  &c. 


AMYLOSES  BODIES  AND  GUMS,  (CeHioOg)^. 

Dextrin^  (CgHiQOg),,.— This  substance,  also  called  British 
Gum,  is  prepared  by  heating  starch  to  about  150°  :  if  a  small 
quantity  of  nitric  or  hydrochloric  acid  is  added  to  the  starch, 
the  transformation  takes  place  much  more  rapidly.  Dextrin 
and  maltose  are  the  first  products  of  the  action  of  malt 
extract  upon  starch.  It  rotates  the  plane  of  polarization 
strongly  to  the  right.  Dextrin  is  very  soluble  in  water  and 
insoluble  in  alcohol ;  on  boiling  with  dilute  acids  it  is  con- 
verted into  glucose. 

Gum  Arabic, — The  natural  exudation  from  several  species 
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;  it  consists  chiefly  of  the  potassium  and  calci 
salts  of  arable  acid,  CuH^qOk). 

Inulin. — A  substance  contained  in 
plants  !  it  is  intermediate  between  gums  and   starch,  and 
yields  fructose  when  boiled  with  dilute  acids. 

Glycogen,  or  Animal  Starch,  is  an  insoluble  powder  formed 
in  the  liver  and  placenta  ;  it  is  easily  converted  into  glucose. 

Sfarch,  C„H,,05  (or  some  multiple  of  these  numbers). — 
This  important  substance  exists  most  widely  diffused  through- 
out the  vegetable  world.  In  its  natural  state  it  consists  of  a 
while  powder  composed  of  granules;  whose  appearance 
under  [he  microscope  is  seen  in  Fig.  78,  representing  potato 


stiirch.  Fig.  79  showing  the  granules  of  wheaten  starch.  These 

granules  have  a  distinctly  organised  structure,  and  are  of 

The   following   are    the   diameters   of   the 

granules  of  some  of  the  most  important  varieties  of  starch : 


Starch  granules  are  insoluble  in  cold  water,  alcohol,  and 

ether  i  but  when  they  are  heated  with  water  above  60°  they 

swell   up   and   split   open,   forming    a    thick    mass    called 

starch  paste.     If  this  paste  be  boiled  with  a  larger  quantity 

,  the  particles  of  starch  become  so  finely  divided 
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tot  tbey  pa.ss  through  a  lilter :  ajid  if  boiled  for  a.  length 
,  the  solution  becomes  clear,  and  the  starch  is 
rendered  soluble  ;  and  from  this  solution  alcohol  precipitates 
a  white  amorphous  powder  of  soluble  starch.  When  healed 
above  150°  starch  is  converted  into  deMrin.  Starch,  in  its 
insoluble  and  soluble  modifications,  forms  with  free  iodine  a 
deep  blue  compound,  the  colour  of  which  is  destroyed  a  little 
below  100°,  but  appears  again  on  cooling.  The  production 
of  this  colour  is  characteristic  of  starch,  and  is  not  pro- 
duced with  dextrin  or  the  other  isomers  of  starch.  When 
:   soluble    nitrogenous  matter  contained   in   malt,   called 


flKw/oM,  acts  upon  starch,  it  forms  maltose  and  dex 
by  a  longer  action  the  dextrin  is  converted  into  glu 


^  CjHioOs. 

The  action  of  dilute  sulphuric  acid  upon  starch  is  similar 
to  that  of  diastase.  Strong  sulphuric  acid  in  the  cold  dissolves 
starch,  forming  a  sulphuric  ether.  Nitric  acid  also  dissolves 
it,  and  on  adding  water  to  the  solution  a  white  substance 
called  xyloidin  is  precipitated  ;  this  is  a  nitrate,  having  the 
fomula  CoH„0,(N03). 

Cellulose,  (CoHioOsV— This  is  the  colourless  material  of 
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the  woody  fibre  of  young  plants  ;  it  may  be  obtained  in  the 
pure  state  from  cotton  or  linen  fibre  by  boiling  out  the  im- 
purities with  alkali,  alcohol,  ether,  &c.  Cellulose  is  a  white 
substance  insoluble  in  water,  alcohol,  or  ether,  but  soluble 
in  an  ammoniacal  solution  of  cupric  oxide.  By  the  action  of 
strong  sulphuric  acid,  cellulose  is  converted  either  into  an 
insoluble  substance  which  is  coloured  blue  by  iodine,  or  into 
a  soluble  body  like  dextrin  :  if  this  acid  solution  be  diluted 
with  water  and  boiled^  glucose  is  formed  by  fixation  of  one 
molecule  of  water.  A  usefuF  snbslancfi  is  prepared  under  the 
name  oi parchment  paper ^  by  dipping  sheets  ofungfazed-pftpef 
into  strong  sulphuric  acid. 

Gun-cotton^  ^\^\fiJ^O^^, — The  action  of  strong  nitric 
acid  upon  cellulose  is  interesting.  If  cotton  wool  be  thrown 
in  small  portions  at  a  time  into  a  mixture  of  equal  volumes 
of  strong  sulphuric  and  nitric  acids,  it  does  not  undergo  any 
apparent  change,  but  on  drying  it  is  found  to  be  very  inflam- 
mable. It  is  a  nitrate  or  nitric  ether,  being  cellulose  in  which 
six  atoms  of  hydroxyl  are  replaced  by  NO3.  By  the  action 
of  ferrous  chloride  nitric  oxide  is  evolved  and  cellulose  again 
formed  : 

C,2Hi4(NOs)604  +  6H2O  =  CijHjoOio  +  6HNO3, 

the  free  nitric  acid  being  reduced  by  ferrous  salt  to  nitric 
oxide.  Gun-cotton  is  now  largely  used  as  a  substitute  for 
gunpowder,  as  it  offers  many  advantages  : — 

(i)  The  explosive  force  of  gun-cotton  is,  weight  for  weight, 
greater  than  that  of  gunpowder.  (2)  The  products  of  com- 
bustion of  gun-cotton,  being  chiefly  carbon  dioxide  and 
nitrogen,  are  not  so  apt  to  foul  the  gun.  (3)  When  mois- 
tened it  becomes  incombustible,  and  only  requires  drying  to 
render  it  again  combustible. 

Besides  the  hexanitrate  the  tri-and  tetranitrate  are  known ; 
they  dissolve  readily  in  a  mixture  of  alcohol  and  ether, 
yielding  a  solution  which  is  termed  Collodion^  and  is  largely 
used  for  the  purpose  of  forming  a  thin  coating  on  glass  to 
receive  silver  salts,  upon  which  the  photographic  image  is 
formed. 
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LESSON   XXXIX 
THE  GROUP  OF  AROMATIC  COMPOUNDS 

Under  this  heading  are  classed  a  number  of  organic  com- 
pounds differing  from  those  already  considered,  inasmuch  as 
they  contain  at  least  six  atoms  of  carbon  in  the  molecule  and 
are  relatively  much  richer  in  carbon  than  the  compounds 
belonging  to  the  fatty  group.  The  term  "aromatic"  was 
applied  to  these  substances  because  their  first  known  repre- 
tatives  all  had  an  aromatic  taste  and  smelL 

The  simplest  compound  of  this  groop  is  'Benzene  C^Hq. 
A  hydrocarbon  cf  the  saone  composition  has  already  been 
described  among  the  fatty  compounds,  viz.,  dipropinyl, 
which  has  the  constitution  CHiCCHa-CHaCiCH  and 
readily  combines  with  bromine  to  form  the  saturated 
additive  compound  CgHgBrg.  Benzene  differs  from  dipro- 
pinyl  inasmuch  as  it  only  forms  additive  products  with  bro- 
mine with  difficulty,  and  under  no  circumstances  does  it  take 
up  more  than  6  atoms  of  bromine,  forming  the  compound 
CgHeBrg,  which  behaves  in  all  respects  as  a  saturated  com- 
pound. Under  ordinary  conditions  moreover  bromine  acts 
on  benzene  with  formation  of  substituted  compounds  such 
as  CgHgBr,  CgHiBra. 

By  the  action  of  hydriodic  acid  benzene  takes  up  6  atoms 
of  hydrogen  forming  a  hydrocarbon  CgHja,  which  is  isomeric 
with  the  unsaturated  hexylenes  (p.  354)  but  behaves  towards 
all  reagents  as  a  saturated  compound. 

To  explain  this  behaviour  Kekul^  in  1865  suggested  that 
in  benzene  the  six  carbon  atoms  are  united  together  in  the 
form  of  a  closed  chain  instead  of  in  an  open  one  as  with  the 
fatty  compounds,  and  that  each  carbon  atom  is  in  addition 
combined  with  an  atom  of  hydrogen  as  shown  in  the  follow- 
ing formula : 

CH 

HC/^CH 


HC 


CH 


CH 
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The  formulae  of  the  hexahydride  and  hexabromide  would 
then  be  as  follows  : 

CH,  CHBr 

H,C  ^^  CH,  BrHC  ^^  CHBr 


HjC 


V     •  CHj  BrHC  V    y 


CHBr 
CHj  CHBr. 


If  the  above  formula  for  benzene  is  correct,  then  all  the 
hydrogen  atoms  in  benzene  must  be  of  equal  value,  and  this 
has  been  experimentally  proved.  (See  Roscoe  and  Schor- 
lemmer,  Treatise  on  Chemistry^  Vol.  III.,  Part  III.,  p.  55.) 

In  the  above  formula  of  benzene  each  carbon  atom  appears 
to  be  a  triad,  instead  of  a  tetrad  as  usual,  or  in  other  words, 
one  of  the  valencies  of  each  carbon  atom  is  not  accounted 
for.  From  the  comparative  stability  of  the  compound 
towards  bromine,  these  valencies  cannot  be  free,  but  must 
neutralize  one  another  in  some  way  or  another.  The  exact 
manner  in  which  this  takes  place  is  not  yet  settled,  although 
a  number  of  theories  have  been  proposed.  It  has,  however, 
scarcely  any  bearing  on  the  question  of  the  constitution  of 
the  different  isomerides,  which  may  be  deduced  from  the 
above  simple  formula  without  any  reference  to  these  com- 
bining units.  Benzene  must  of  course  be  regarded  to  some 
extent  as  an  unsaturated  compound,  as  it  can  under  certain 
conditions  take  up  other  elements  forming  additive  com- 
pounds, but  in  the  vast  majority  of  cases,  both  it  and  its 
numerous  derivatives  behave  as  saturated  compounds,  and 
they  do  not  therefore  belong  to  the  same  category  as  the 
unsaturated  fatty  compounds. 

Compounds  have  also  been  obtained  by  synthesis  which 
contain  closed  chains  of  three,  four,  and  five  carbon  atoms  ; 
these  have  chiefly  a  theoretical  interest,  and  in  their  pro- 
perties are  intermediate  between  the  fatty  and  aromatic 
groups,  but  are  most  nearly  related  to  the  former. 


The  members  of  the  aromatic  group  are  obtained  from 
benzene  by  the  partial  or  total  replacement  of  the  hydrogen 
by  monad  radicals,  simple  or  compound.    These  compounds 
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are  far  greater  in  number  than  those  of  the  fatty  group, 
and  probably  comprise  more  substances  of  technical  impor- 
tance, the  great  majority  of  which  have  been  obtained  during 
the  last  25  years. 

When  one  of  the  hydrogen  atoms  in  benzene  is  replaced 
by  chlorine  we  get  chlorobenzene  CgHgCl,  and  as  all  the 
hydrogen  atoms  are  equal  in  value,  only  one  such  compound 
can  be  obtained.  In  some  respects  this  resembles  the  cor- 
responding fatty  chlorides  such  as  CgHgCl,  but  differs  from 
them  in  containing  the  chlorine  much  more  firmly  combined, 
the  chlorine  not  being  readily  displaced  by  other  monad 
radicals.  Again,  if  we  replace  a  hydrogen  atom  in  benzene 
by  hydroxyl  we  get  2i phenol,  CgHg.OH,  which  is  distinguished 
from  the  fatty  alcohols  in  the  same  way  as  chlorobenzene 
from  the  fatty  chlorides  ;  it  does  not  form  ketones  or  aldehydes 
on  oxidation,  and  the  hydrogen  atom  of  the  hydroxyl  group 
is  more  readily  replaced  by  metals,  so  that  the  phenols 
behave  as  quasi-acids,  reacting  with  caustic  alkalis  to  form  a 
species  of  salt ;  thus  phenol,  CgHgOH,  forms  with  caustic 
potash  potassium  phenate  CgHgOK.  An  atom  of  hydrogen 
in  benzene  can  also  be  replaced  by  NOg,  the  radical  of  nitric 
acid,  and  the  nitro-compound  can  be  readily  reduced  to  the 
amido-derivative  containing  the  monovalent  group  NHg. 
The  most  important  mono-derivatives  of  benzene  are  the 
following : 

Benzene CgHg. 

Monochloro-benzene CgHgCl. 

Hydroxy-benzene  or  Phenol CgHgOH. 

Nitro-benzene CgHgNOj. 

Amido-benzene,  or  Aniline CgHjNHj. 

Several  of  these  radicals  may,  however,  replace  several 
atoms  of  hydrogen  in  benzene,  and  hence  the  number  of 
members  of  the  aromatic  series  containing  6  atoms  of  carbon 
becomes  very  large. 

In  addition  to  these,  a  part  of  the  hydrogen  in  benzene 
can  be  replaced  by  a  carbon  radical,  and  thus  again  a  large 
number  of  compounds  richer  in  carbon  are  added  to  the  group. 
For  example  we  are  acquainted  with  a  number  of  hydro- 
carbons forming  an  homologous  series  with  benzene,  each  of 
which  contains  CHg  more  than  the  foregoing ;  these  bodies 
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are  benzene  in  which    i, 
replaced  by  methyl,  CH3. 


2,  or  3  atoms  of  hydrogen  are 


Benzene Cglig. 

Methyl-benzene CgHgCHj. 

Di-methyl -benzene C5H4(CHj)j. 

Tri-methyl -benzene €6113(0113)3. 

Tetra-methyl-benzene CeHj^CHjJ^. 

In  these  compounds  the  hydrogen  of  the  benzene  residue  can 
be  replaced  by  radicals  or  elements  just  as  in  benzene  itself, 
and  the  substitution  products  thus  obtained  possess  properties 
strictly  analogous  to  those  obtained  from  benzene.  But  the 
hydrogen  in  the  methyl  can  also  be  replaced,  and  it  is  im- 
portant to  notice  that  the  compounds  which  are  obtained  in 
this  way  possess  properties  analogous  to  those  of  methyl  it- 
self and  of  the  other  alcohol  radicals.  The  following  isomeric 
series  of  compounds  are  thus  obtained  from  methylbenzene 
or  toluene : 


Monochloro-toluene  C6H4CI.  CH3. 

Cresol C6H4(OH).CH3. 

Nitro-toluene  .   .   .  C6H4(N02).CH3. 
Amido- toluene   .   .  CsH4(NH2).CH3. 


Benzyl  chloride     .  CeHg-CHjCl. 
Benzyl  alcohol  .   .  CgHs-CHaCOH). 
Benzylamine  .   .   .  CeHs.CHaCNHs). 


Those  on  the  left  behave  as  aromatic  compoimds,  and  those 
on  the  right  chiefly  as  fatty  compounds.* 

Benzyl  alcohol  yields  on  oxidation  benzaldehyde, 
CgHg-CHO,  and  benzoic  acid,  CQH5.CO2H.  From  di- 
and  tri-methyl-benzene  similar  series  are  obtained,  and 
as  the  other  well-known  alcohol  radicals  may  be  substi- 
tuted for  methyl,  and  as  these  again  give  rise  to  similar 
substitution  products,  it  is  clear  that  the  possible  number 
of  the  aromatic  series  is  not  only  extremely  large,  but  that 
a  great  variety  of  isomerides  must  occur  in  the  group. 

Thus,'  di-methyl-benzene,  C6H4(C  113)2,  is  isomeric  with 
ethyl-benzene,  C6H5(C2H6),  whilst  the  four  following  hydro- 
carbons have  the  composition  CgH^g. 

Tri-rtiethyl -benzene CeH3(C  1^3)3. 

Propyl-benzene CgHs^CsHy). 

Methyl-ethyl-benzene C6H4(CH3)C2H6 

Iso-propyl-benzene C6H6.CH(C  1^3)2. 

As  these  hydrocarbons  resemble  each  other  very  closely,  it 
is  of  great  importance  to  have  a  means  of  recognizing  the 
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number  of  hydrocarbon  radicals  they  contain.  This  is 
easily  effected  by  oxidizing  them  either  by  dilute  nitric 
or  chromic  acid,  when  each  of  the  alcohol  radicals  at- 
tached to  the  benzene  residue  is  converted  into  carboxyl ; 
thus  toluene  or  methylbenzene,  CgHgCHg,  ethylbenzene, 
CgHg.CgHg,  amylbenzene,  CgHg.CgHn,  all  yield  on  oxidation 
one  and  the  same  acid,  C6H5.CO2H,  viz.  benzoic  acidi  Di- 
methylbenzene,  isomeric  with  ethylbenzene,  yields  on  oxida- 
tion at  first  a  monobasic  acid,  viz.  a  toluic  acid,  QH4(CH3). 
COjH,  and  afterwards  a  dibasic  acid,  CeH4(C02H)2. 

Another  characteristic  of  the  benzene  derivatives  is  the 
existence  of  three  classes  of  bi-derivatives  of  the  general 
formulae  C6H4X2,  CeH4XY.  Thus  three  isomeric  dibromo- 
benzenes  C6H4Br2,  are  known,  three  isomeric  dimethyl-ben- 
zenes, C6H4(CH3)2,  and  three  toluic  acids,  C8H4(CH3)C02H, 
and  also  three  dicarboxylic  acids,  CeH4(COOH)2,  etc.  Three 
isomeric  tri-derivatives  of  the  general  formula,  CeHgXg,  can 
also  exist.  This  species  of  isomerism  is  characteristic  of 
benzene  and  compounds  constituted  similarly  to  this  hydro- 
carbon, the  generally  received  explanation  of  which  will  be 
given  later  on  (p.  409). 

All  monoderivates  of  benzene  may  be  regarded  as  com- 
pounds of  the  radical  CgHg  with  monad  groups  just  as  with 
the  corresponding  mono-substituted  fatty  hydrocarbons.  The 
radiccil  CgHg  is  termed /^^«y/. 

BENZENE  AND  ITS  MONOSUBSTITUTION  PRODUCTS. 

Benzene^  or  Benzol^  C^Hg. — This  body  has  been  prepared 
from  its  elements  by  synthesis,  by  heating  acetylene,  ob- 
tained by  the  direct  union  of  carbon  and  hydrogen,  nearly  to 
a  red-heat,  benzene  being  formed  : 

3C2H2  =  CgHj. 

The  ordinary  source  of  benzene  is,  however,  the  light  oil  ob- 
tained by  the  destructive  distillation  of  coal,  of  which  it  forifis 
a  considerable  part.  It  is  a  colourless  liquid,  which  refracts 
light  powerfully,  boils  at  80*5°,  and  solidifies  on  cooling  to 
crystals  which  melt  at  4*5°.  It  is  also  obtained  by  distilling 
benzoic  acid  with  slaked  lime.  Benzene  is  attacked  by 
chlorine,  with  formation  of  several  chloro-benzenes.  These 
are  substitution  products,  />.  they  are  CeH6Cl,CeH4Cl2,  &c., 
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but  by  acting  on  boiling  benzene  with  chlorine,  or  on  the  cold 
liquid  in  presence  of  aqueous  caustic  soda,  addition  products 
are  formed,  the  final  one  being  CgHeCle,  benzene  hexa- 
chloride^  which  corresponds  to  the  hexabromide  already- 
mentioned. 

Benzenesulphonic  actd^  QHg.SOgH.  When  benzene  is  dis- 
solved in  concentrated  solution  the  following  reaction  takes 
place 

CgHg  +  OH.SO2.OH  =  CgHs.SO^OH  +  H.OH. 

The  group  SO2.OH  or  SO3H  is  known  as  the  sulphonic  acid 
group,  and  the  above  compound  is  therefore  benzenesulphonic 
acid.  The  formation  of  these  sulphonic  acids  by  the  action 
of  sulphuric  acid  is  very  characteristic  of  aromatic  com- 
pounds. Similar  derivatives  are  known  in  the  fatty  series 
but  are  only  obtained  indirectly. 

Benzenesulphonic  acid  is  a  white  crystalline  compound,  is 
a  monobasic  acid,  and  is  very  stable,  resisting  the  action 
of  water  and  solutions  of  caustic  alkalis.  When  its  potassium 
salt  is  fused  with  caustic  potash  it  is  decomposed,  the 
group  SO3K  is  replaced  by  OH,  and  phenol  formed,  thus  : 

QHsSOjK  +  KHO  =  CgHgOH  +  KjSOj. 

This  is  a  method  of  wide  applicability  for  the  preparation  of 
various  phenols. 

Phenol^  or  Carbolic  Add,  CgHg.OH. — This  is  a  white 
solid  crystalline  body,  melting  at  42°,  and  boiling  at  182°, 
found  in  the  heavy  coal-tar  oils.  It  dissolves  in  the  alkalis, 
forming  phenates,  but  does  not  possess  an  acid  reaction ; 
from  the  strong  solution  of  sodium  phenate  the  phenol  may 
be  isolated  by  addition  of  an  acid,  when  it  separates  out  as 
an  oily  liquid.  In  this  way  phenol  is  extracted  from  coal  tar, 
and  is  finally  purified  by  fractional  distillation.  The  most 
iqjportant  property  of  this  body  is  its  powerful  antiseptic 
action,  and  it  is  much  used  as  a  disinfectant,  both  alone 
and  combined  with  lime.  Benzene  is  formed  when  phenol 
vapour  is  passed  over  heated  zinc  dust : 

CgHgOH  +  Zn  =  CgHe  +  ZnO. 

Phenol  is  sometimes  called  phenyl  alcohol,  but  it  differs 
from  a.  true  alcohol  in  several  respects  j  thus,  it  is  not  readily 
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oxidized,  and  yields  neither  an  aldehyde,  a  ketone,  nor  an 
acid.  Nearly  all  phenols  give  certain  colour  reactions  with 
ferric  chloride  solution  ;  ordinary  phenol  produces  a  violet 
coloration. 

Trinitrophenol^  or  Picric  Acid,  CgHgCN  02)30 H. — When 
phenol  is  acted  upon  by  nitric  acid,  i,  2,  or  3  atoms  of 
hydrogen  may  be  substituted  by  NOg-  Picric  acid  is  a 
bright  yellow  crystalline  body,  very  soluble  in  water ;  it  is 
obtained  by  the  action  of  nitric  acid  upon  many  other  sub- 
stances containing  the  aromatic  nucleus  besides  carbolic  acid 
and  its  derivatives.  Phenol  itself  has  only  weak  acid  pro- 
perties, but  the  entrance  of  three  nitro-groups  into  the  mole- 
cules increases  the  acid  nature  of  the  substance  so  much,  that 
picric  acid  forms  salts  quite  as  stable  as  those  of  most  acids 
containing  the  carboxyl  group.  Picric  acid  is  employed  in  the 
arts  as  a  yellow  dye  for  silk  and  woollen  goods,  also  in  the 
manufacture  of  explosives. 

Nitro-benzene,  C^ff^O^),  is  produced  when  benzene  is 
treated  with  nitric  acid  ;  it  is  a  substitution  product  in  which 
one  hydrogen  atom  of  benzene  is  replaced  by  NO2,  and 
forms  a  light  yellow  liquid  smelling  like  oil  of  bitter  almonds, 
insoluble  in  water,  and  boiling  at  205°.  In  contact  with  reduc- 
ing agents,  nitro-benzene  undergoes  the  following  reduction 
to  aniline^  in  which  the  monad  group  (NO2)  is  converted 
into  the  monad  group  (NHg) : 

Nitro-benzene.  Aniline. 

CeHsCNOj)  +  sHj  =  CeH5(NH2)  +  2HjO. 

^  Aniline^  or  Amido-benzene,  CgHgCNHj). — This  important 
body  is  benzene  in  which  one  atom  of  hydrogen  is  replaced 
by  the  monad  group  (NHg) ;  and  it  is  therefore  properly 
called  amido-benzene.  The  mode  of  preparing  aniline  from 
benzene  has  just  been  mentioned,  the  reduction  of  nitro- 
benzene being  generally  effected  by  a  mixture  of  iron-filings 
and  hydrochloric  acid,  when  the  chlorides  of  iron  and  of 
aniline  are  formed ;  the  aniline  is  liberated  by  addition  of 
an  alkali,  and  is  separated  by  distillation.  It  is  also  formed 
by  the  action  of  potash  on  indigo  (p.  422),  and  is  found 
amongst  the  products  of  the  destructive  distillation  of  coal. 
Aniline  is  a  colourless  liquid  possessing  a  peculiar  smell ; 
its  specific  gravity  at  o^  is  1*036,  and  it  boils  at  183°.     It  is 
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nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether  : 
it  unites  with  acids  to  form  definite  salts,  but  does  not  turn 
red  litmus  paper  blue.  Crude  aniline  is  manufactured  now 
on  a  very  large  scale  for  the  preparation  of  the  so-called  aniline 
colours,  so  generally  used  in  calico-printing  and  woollen-  and 
silk-dyeing.  The  smallest  trace  of  aniline  may  be  easily 
detected  by  adding  the  substance  to  an  aqueous  solution  of 
an  alkaline  hypochlorite,  when  a  splendid  violet  coloration 
is  produced. 

The  hydrogen  atoms  in  the  amido-group  of  aniline  can  be 
replaced  by  fatty  alcohol  radicals,  and  also  by  additional 
phenyl  groups.  Thus  by  heating  aniline  with  methyl  chloride 
we  get  a  mixture  of  methylaniline  CgHg.NH.CHg  and 
(Umethylaniline  C0H6.N(CH3)2  ;  both  of  these  are  liquids 
boiling  at  191°  and  at  192°  respectively,  and  are  used  in  the 
colour  industry. 

These  three  compounds,  aniline,  C6H5.NH2,  methyl- 
aniline  CgHg.NH.CHg,  and  dimethylaniline  CgH5.N(CH3)2 
stand  to  one  another  in  the  same  relation  as  the  primary, 
secondary,  and  tertiary  fatty  amines.  When  primary 
aromatic  amido-com pounds  are  treated  with  nitrous  acid, 
the  group  is  converted  into  hydroxy  1,  as  with  the  primary 
fatty  compounds,  but  with  the  difference  that  an  inter- 
mediate series  of  compounds,  known  as  the  diazo-compounds 
(see  below),  is  formed.  With  the  secondary  amido-com- 
pounds  the  H  of  the  N H  group  is  replaced  by  the  group  NO  : 
thus  methylaniline  yields  methyl phenylnitrosamine : 

CgHg.NH.CHa  +  NO.OH  =  CgH6N(NO)CH8  +  HjO. 

The  tertiary  fatty  amines  are  unacted  on  by  nitrous  acid,  but 
with  the  corresponding  aromatic  compounds,  nitroso-deriva- 
tives  are  obtained,  in  which  the  nitroso-group  replaces  one  of 
the  hydrogen  atoms  of  the  benzene  ring.  Thus  dimethylani- 
line behaves  in  the  following  manner  yielding  nitrosodi- 
methylaniline : — 


C.N(CH3)3  C.NCCHg)^ 

CH 


HC  ^^  CH  HC  ^^ 

HC 


+  NO.OH  = 
CH  C(NO) 


\/  ^"  "^  \/ 


+  H^O. 
CH 
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Dimethylaniline,  like  other  tertiary  amines,  combines  with 
methyl  iodide  forming  the  ammonium  compound  trimethyl- 
phenyl  ammonium  iodide  (CH3)3CeH5,N.I  which  yields  the 
corresponding  hydroxide  (CH3)3C6H5.N.OH,  on  treatment 
with  silver  oxide. 

Diphenylamine  or  Phenylaniline,  (C8H6)2NH,  is  prepared 
by  heating  aniline  hydrochloride  with  aniline  : 

CgHg-NHs  +  CeH5.NH8Cl  =  (CeH3),NH,Cl  +  NH,. 

It  crystallizes  in  monosymmetric  plates,  melts  at  54°,  and  boils 
at  302°.     It  is  also  used  in  the  colour  industry. 

The  hydrogen  atoms  of  the  amido-group  in  aniline  and 
similar  compounds  may  be  replaced  by  acid  radicals,  such 
as  acetyly  giving  rise  to  compounds  termed  anilides.  Thus 
when  aniline  is  boiled  with  acetic  acid  or  anhydride,  it  yields 
acetanilidey  CeHg.NH.CO.CHa,  which  forms  lustrous  tablets 
melting  at  112°. 


DiazO'  and  Azo-compounds  of  Benzene, 

It  has  already  been  mentioned  (p.  402)  that  when  a  primary 
amine  is  acted  upon  by  nitrous  acid,  the  N  Hg  group  is  replaced 
by  hydroxyl  and  an  alcohol  formed.  In  the  case  of  the 
aromatic  amines  the  action  of  nitrous  acid  results  in  the 
formation  of  a  series  of  intermediate  compounds,  known  as 
diazO'CompoundSy  which  are  of  especial  interest  both  theo- 
retically and  practically.  When,  for  instance,  nitrous  acid  is 
allowed  to  react  upon  aniline  nitrate,  diazobenzene  nitrate ^ 
CeH5.N2.NO3,  is  formed,  thus ; 

C6H5NH2.NO3H  +  NO.OH  =  C6H5.N,.NO,  +  2H,0. 

This  compound  is  a  colourless  crystalline  substance,  which 
explodes  when  heated  or  on  percussion.  It  may  serve  as  an 
example  of  other  similar  compounds,  which  may  be  regarded 
as  the  salts  of  a  base,  QHg.N2'0H,  the  hypothetical  diazo- 
benzene, containing  the  monovalent  group,  C^Hg  -  N  =  N — . 
These  salts  when  boiled  with  water  are  decomposed,  nitro- 
gen is  set  free,  and  the  group  (HO)  replacing  the  N2  in  the 
benzene  residue  forms  a  phenol,  thus : 

CeH5.N,.N0,  +  HOH  =  CeHj.OH  +  Nj  +  HNO,. 

D  D  2 


404  ELEMENTARY  CHEMISTRY  lesson 

A  diazobenzene  salt  undergoes  a  similar  decomposition  when 
boiled  with  hydriodic  acid,  iodobenzene  being  formed : 

CeH5.N,.NO,  +  HI  =  CgHjI  +  N,  +  HNO,; 

whilst,  when  boiled  with  absolute  alcohol,  the  alcohol  is 
reduced  to  aldehyde,  nitrogen  set  free,  and  the  N2  of  the 
diazo- compound  replaced  by  hydrogen  ;  thus  diazobenzene 
sulphate  can  be  converted  into  benzene : 

C8H5.Nj.SO4H  +  CaHgO  =  CgHjH  +  H,S04  +  Nj  +  CJH4O. 

If  a  diazo-salt  be  treated  with  cuprous  chloride,  bromide, 
or  cyanide,  the  diazo-group  is  replaced  by  chlorine,  bromine, 
or  cyanogen.  In  this  manner  diazobenzene  may  be  converted 
into  CeHgCl,  CeHgBr,  and  CgHg.CN. 

The  diazo-compounds  are  therefore  a  most  important  class 
of  substances,  as  from  them  we  can  so  readily  obtain  such  a 
large  number  of  other  benzene  derivatives. 

When  a  diazobenzene  salt,  for  instance  the  chloride,  is 
boiled  with  aniline,  diazo-amidobenzene^  CeH5.N2.NH.C0H5 
is  formed : 

C6H6.Na.Cl  +  2CeH5NH2  =  C8H5.Na.NH(C6H5)  +  C6H6NHj.HCl. 

This  compound  is  also  produced  by  the  action  of  nitrogen 
trioxide  on  an  excess  of  aniline,  and  when  heated  in  presence 
of  a  salt  of  aniline  it  undergoes  an  intermolecular  change, 
whereby  it  is  converted  into  an  isomeride  amido-azobenzene, 
CeH5.N2.CeH4(NH2),  which  is  non-explosive,  dyes  silk  yellow, 
and  is  known  as  Aniline  yellow. 

Azobenzene,  CeH5.N2.C0H5,  of  which  aniline  yellow  is  a 
derivative,  is  a  bright  red  crystalline  body  obtained  by  the 
reduction  of  nitro-benzene  under  certain  conditions.  The 
azo-compounds  are  distinguished  from  the  diazo-compounds 
by  their  much  greater  stability,  and  by  containing  two 
benzene  or  similar  groups  attached  to  the  nitrogen  group, 
—  N  =  N  —  ;  while  the  diazo-compounds  contain  only  one  such 
group,  but  in  addition  contain  a  negative  element  or  radical. 

The  following  are  some  of  the  more  important  Azo-colours 
which  are  nearly  allied  to  amido-azobenzene. 

Chrysoidine,  or  Diamido-azobenzene^  CgHgNg  CeH3(NH2)2. 
The  hydrochloride  of  this  base  crystallizes  in  brown  octa- 
hedra,  and  dyes  wool  and  silk  a  bright  orange. 
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Bismarck-brown^  or  Manchester-brown^  is  the  hydro- 
chloride of  triamido-azobenzene,  H2N.CeH4.N2CeH3(NH2)2, 
and  is  largely  used  as  a  brown  dye. 

The  Tropaeolins  are  also  azo-dyes,  which  contain  the 
sulphonic  acid  group  SO3H,  and  are  obtained  from 
sulphanilic  acid  (anilinesulphonic  acid)  CeH4(S03H)NH2. 

For  a  description  of  the  other  azo-colours  a  larger  work 
must  be  consulted. 

PhenylhydrazinCy  CgHg. N  H . N  Hg.  This  compound,  which 
stands  in  the  same  relation  to  hydrazine  (p.  75)  as  aniline 
to  ammonia,  is  prepared  by  the  reduction  of  diazobenzene 
chloride.  It  is  a  colourless  substance  which  quickly  becomes 
yellow  in  the  air,  melts  at  23°,  and  boils  at  241-242°.  It  is 
one  of  the  most  important  reagents  in  organic  chemistry,  as 
it  combines  with  all  aldehydes  and  ketones  forming  com- 
pounds termed  hydrazones^  which  as  a  rule  crystallize  well, 
and  are  made  use  of  to  isolate  aldehydes  and  ketones  from  a 
mixture  of  other  compounds.  Acetone  and  phenylhydrazine 
react  as  follows : 

(CH8)3CO  +  HaN.NH.CeHg  =  (CHj)2C  :  N.NH.CeHg  +  Hp. 

Phenylhydrazine    is    a    monacid    base;    its    hydrochloride 
CgHg.NH.NHgCl,  crystallizes  in  slender  lustrous  plates. 

Toluene  and  its  Derivatives, 

Toluene^  or  Methylbenzene^  C^Hg,  or  CeH5(CH3). — This 
hydrocarbon,  which  like  benzene  occurs  in  coal  oils,  boils  at 
1 1 1°,  and  does  not  solidify  at  —  20°  ;  it  is  also  formed  by  the 
distillation  of  toluic  acid,  C6H4(CH3)COOH,  with  excess  of 
lime.  By  the  action  of  oxidizing  agents  it  is  converted  into 
benzoic  acid  : 

CeH5.CH8.  +  03  =  CeHjCOOH  +  H,0. 
BENZYL  GROUP. 

When  chlorine  acts  on  toluene  in  the  cold  chlorotoluene  is 
formed,  one  atom  of  hydrogen  in  the  benzene  residue  being 
replaced  by  chlorine.  This  and  similar  bodies  will  be  found 
described  under  the  head,  **  Di-substitution  Products  of  Ben- 
zene."    If  chlorine  be  passed  into  boiling  toluene,  one  of 
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the  hydrogen  atoms  of  the  methyl  group  is  replaced,  and 
Benzyl  Chloride^  CgHg.CHgCl,  boiling  at  176°,  is  formed. 
From  this  a  number  of  benzyl  compounds  can  be  prepared. 
Of  these  the  more  important  are ; — 

Bemylamine^  CgHg.CHjNHg,  a  colourless  liquid,  isomeric 
with  toluidine  (p.  411)  boiling  at  185°,  obtained  by  the  action 
of  ammonia  upon  benzyl  chloride.  •  It  is  a  true  amine,  and 
gives  rise  to  corresponding  secondary  and  tertiary  amines. 

Benzyl  Alcohol^  CeH5.CH2(OH),  obtained  by  the  action  of 
alcoholic  potash^  or  nascent  hydrogen,  on  oil  of  bitter  almonds 
(which  is  the  aldehyde  of  the  series).  It  is  an  oily  colourless 
liquid,  boiling  at  207°.  Oxidizing  agents  convert  it  first  into 
the  aldehyde,  CyHgO,  and  lastly  into  the  acid  of  the  series, 
C7H6O2,  benzoic  acid. 

Benzaldehyde^  or  Oil  of  Bitter  Almonds^  C^HgCHO. — This 
oil  does  not  exist  already  formed  in  bitter  almonds,  but  is  the 
result  of  the  decomposition  of  a  glucoside  termed  amygdalin 
contained  in  the  almond  (p.  433). 

It  can  likewise  be  obtained  by  distilling  a  benzoate  and 
a  formate,  in  this  respect  resembling  the  aldehydes  of  the 
fatty  group ;  it  also  forms  a  crystalline  compound  with 
hydrogen  sodium  sulphite.  It  is  also  prepared  by  heating 
benzylene  dichloride^  C6H5CHCI2,  formed  by  the  action  of 
chlorine  on  boiling  benzyl  chloride,  with  mercuric  or  lead 
oxides.  Bitter  almond  oil  is  a  colourless  strongly-smelling 
liquid,  boiling  at  180°;  the  commercial  substance  (used  in 
cookery)  is  very  poisonous,  as  it  invariably  contains  an  ad- 
mixture of  hydrocyanic  acid.  On  exposure  to  air  or  oxygen, 
or  when  acted  upon  by  oxidizing  agents,  it  is  converted  into 
benzoic  acid.  Benzaldehyde  may  be  regarded  as  toluene 
or  methyl-benzene  in  which  two  atoms  of  hydrogen  of  the 
methyl  are  replaced  by  one  atom  of  oxygen,  CeH6(CH0)  ; 
whilst  benzoyl  chloride^  CgHgCOCl,  is  the  last  named  sub- 
stance in  which  the  one  remaining  atom  of  hydrogen  in  the 
methyl  is  replaced  by  chlorine.  Thevapour  of  bitter  almond 
oil  decomposes  into  benzene  and  carbon  monoxide  when 
passed  through  a  red-hot  tube ;   and  benzoyl  chloride  is 

1  By  heatine  an  aldehyde  of  the  aromatic  series  with  caustic  alkali,  simul- 
taneous oxidation  and  reduction  frequently  take  place,  thus : 

Benzaldehyde.  Benzoic  Acid.        Benzyl  Alcohol. 

aCeHfi.COH  +  KOH  =  CcHg.COoK  +  CeHg-CHaCOH). 
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formed  by  the  direct  action  of  carbonyl  chloride  on  benzene, 
in  presence  of  aluminium  chloride,  the  monad  group  (COCl) 
changing  places  with  one  atom  of  hydrogen,  thus  : 

Carbonyl  Chloride.  Benzene      Benzoyl  Chloride. 

COCI3        +         CgHg  =  CgHfilCOCl)      +      HCl. 

Benzoyl  chloride  can  also  be  formed  by  the  action  of  phos- 
phorus pentachloride  upon  benzoic  acid ;  it  is  a  colourless 
liquid,  which  boils  at  199°,  and  has  a  very  penetrating  smell, 
the  vapour  attacking  the  eyes  violently.  It  is  decomposed 
by  water  yielding  benzoic  acid. 

Benzoic  Add,  CeH5.C02H.,  is  found  in  many  resins, 
especially  in  gum  benzoin ;  it  also  occurs  in  the  urine  of 
cows,  and  in  the  putrefied  urine  of  man  and  other  animals ; 
It  can  be  obtained  by  the  oxidation  of  benzyl  alcohol  and 
bitter  almond  oil ;  also  synthetically,  by  acting  upon  mono- 
bromobenzene  with  sodium  and  carbon  dioxide  : 

CeHgBr  +  Na.^  +  COg  =  CgH5.CO.^Na  +  NaBr. 

Benzoic  acid  may  be  easily  prepared  by  heating  gum  ben- 
zoin, when  the  acid  sublimes  in  pearly  white  plates  ;  it  melts 
at  120°  and  boils  at  250°.  Benzoic  acid  forms  a  series  of 
salts,  most  of  which  are  soluble  :  the  ferric  benzoate  falls  as 
an  insoluble  red  precipitate  when  sodium  benzoate  is  added 
to  ferric  chloride. 

Benzoyl  Oxide,  or  Benzoic  Anhydride,  (€71150)20,  is 
obtained  by  acting  upon  potassium  benzoate  with  benzoyl 
chloride,  thus  : 

C6H6.CO(OK)  +  C6H8.COC1  =  (C6H5.CO)aO  +  KCl. 

It  is  a  solid  substance,  melting  at  42°,  and  boiling  at  360°  ; 
it  is  soluble  in  alcohol  and  ether.  Several  mixed  anhy- 
drides are  also  known  :  thus  we  have  acetyl  benzoate, 
C2H3O.O.C7H5O. 

Benzoyl  Peroxide,  (€71150)202. — A  well-crystallized  sub- 
stance, obtained  by  the  action  of  barium  peroxide  on  benzoyl 
chloride:  it  explodes  when  heated,  and  resembles  acetyl 
peroxide  (p.  340). 

Benzoy [hydrazine,  CgHg.CO.NH.NHg.  When  ethyl  benzoyl 
glycollate,CgH5.CO.O.CH2.C02C2H5,is  treated  with  hydrazine 
hydrate,  N2H4,H20  (p.  75),  the  following  reaction  takes 
place : 
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CeH5.CO.O.CH.,.CO,C2H6  +  2N,H4 

=  QH5.CO.NH.NH2  +  NH,.NH.CH,.C05CjH8  +  HjO. 

Benzoylhydrazine.  Ethyl  hydrazidoacetate. 

Benzoylhydrazine  crystallizes  in  large  plates  melting  at  112°, 
and  on  treatment  with  nitrous  acid  yields  benzoyl  cusoimide 

CgHg.CO.N^^  il .   The  latter  forms  colourless  prisms  melting 

at  29-30°,  and  is  converted  by  acids  into  azoimide,  N3H 

(p.  75)- 
Hippuric  Acidy  C9H9NO3,  is  contained  in  the  urine  of 

horses  and  herbivorous  animals.     It  can  also  be  artificially 

prepared  by  the  action  of  benzoyl  chloride  on  glycocoll  or 

amido-acetic  acid,  showing  that  hippuric  acid  is  benzoyl 

amido-acetic  acid,  thus : 

Glycocoll.  Hippuric  Acid. 

CH2.NHJ  CH2.NH.CO.CeH5 

CO  OH  CO.OH. 

By  passing  through  the  animal  body  benzoic  acid  is  con- 
verted into  hippuric  acid. 


Di-  AND  Tri-  Substitution  Products  of  Benzene. 

Hitherto  only  the  monosubstitution  products  of  benzene 
have  been  considered :  of  these  only  one  modification  exists, 
inasmuch  as  all  the  six  hydrogen  atoms  in  benzene  are  of 
equal  value.  In  the  case  of  the  di-  and  tri-  substitution 
products  different  isomerides  occur ;  it  has  been  found  in 
the  case  of  those  di-substitution  products  which  have  been 
thoroughly  investigated  that  three  and  only  three  isomerides 
exist,  and  the  same  is  true  of  the  tri-substituted  compounds 
so  long  as  the  three  substituent  groups  are  the  same.  Thus 
we  are  acquainted  with  three  dibromo-  and  three  tribromo- 
benzenes. 

This  experimental  result  is  in  full  agreement  with  the 
theory  of  the  constitution  of  benzene.  If  we  represent 
benzene  graphically  as  a  hexagon  at  the  angles  of  which 
carbon  atoms  are  placed,  and  number  these  carbon  atoms 
as  shown  in  the  formula  given  below,  it  is  easy  to  see  that 
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three  dibromobenzenes  should  exist  in  which  the  two  bromine 
atoms  occupy  the  positions  i.2|  1.3,  1.4)  respectively: 

4 

No  other  isomerides  are  possible,  as  the  positions  1.5  and  1.6 
are  identical  with  1.3  and  1.2. 

In  the  same  way  it  will  be  seen  that  with  the  tribromo- 
benzenes  three  and  only  three  positions  of  the  bromine  atoms 
are  possible,  viz.  1.2.3,  1.3.4,  ^tnd  1.3. 5.  We  get  therefore  the 
following  graphic  formulae  for  these  compounds  :— 


Br 


It  is,  however,  not  only  possible  to  explain  the  existence  of 
these  three  isomerides  but  also  to  ascertain  which  of  the 
positions  the  groups  in  such  a  compound  actually  occupy. 
An  examination  of  the  above  six  formulae  shows  that  from 
the  1.2  dibromobenzene,  we  can  obtain  1.2.3,  and  1.2.4, 
tribromobenzene,  by  further  displacement  of  a  hydrogen 
atom  by  bromine  ;  from  1.3  dibromobenzene  we  could  get 
1.2.3,  i-3-4>  and  1.3.5  tribromobenzene,  whilst  1.4  dibromo- 
benzene would  only  yield  1.3.4  tribromobenzene.  In  other 
words,  the  1.2  dibromobenzene  can  yield  two  tribromoben- 
zenes  on  further  bromination,  the  1.3  compound  three,  and 
the  1.4  compound  only  one.     This  has  been  experimentally 
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carried  out  with  the  three  dibromobenzenes,  and  it  is  found 
that  the  one  boiling  at  224°  is  the  1.2  compound,  that  boiling 
at  219-4°  the  1.3  compound,  and  that  melting  at  82*3°  the  1.4 
compound.  This  being  once  fixed,  the  constitution  of  other 
disubstitution  products  may  be  ascertained  by  synthesizing 
them  from  one  of  the  dibromobenzenes. 

In  place  of  the  numbers  1.2,  1.3,  1.4,  the  terms  ortho-^ 
meta-^  and  para-y  are  often  employed  as  prefixes,  and  in  the 
case  of  the  trisubstitution  compounds,  the  positions  1.2.3, 
1.3.4,  and  1.3.5  ^re  frequently  spoken  of  as  adjacent^ 
asymmetric^  and  symmetric  respectively.  Instead  of  writing 
these  prefixes  in  full  the  following  contractions  are  frequently 
employed  : 

ortho  =  o  adjacent       =  v 

meta  =  m  asymmetric  =  as 

para    =  /  symmetric    =  s 


Among  the  more  important  disubstitution  derivatives  may 
be  mentioned  the  dihydroxybenzenes. 

Orthodihydroxybenzene  or  Catechol  (PyrocateckifC)^  CgH4 
(0H)2,  stands  in  the  same  relation  to  phenol  as  glycol  to 
alcohol.  It  is  obtained  by  the  action  of  potash  on  orthoiodo- 
phenol,  or  of  hydriodic  acid  on  guiacol^  which  is  its  methyl 
ether,  and  occurs  in  beechwood  tar  creosote.  Catechol  is 
also  formed  in  the  dry  distillation  of  catechu,  many  resins,  and 
wood. 

Metadihydroxybenzene  or  Resorcinol^  CgH 4(011)2,  is  pre- 
pared by  heating  benzene  with  sulphuric  acid,  and  fusing 
the  benzenemetadisulphonic  acid^  C0H4(SO3H)2,  thus  formed 
with  potash.  It  crystallizes  in  rhombic  prisms  and  melts  at 
118°. 

Paradi hydroxy  benzene,  Quinol,  or  Hydroquinone,  Q^H^ 
(0H)2,  is  prepared  by  the  dry  distillation  of  quinic  acid,  and 
by  the  moderate  oxidation  of  aniline.  It  is  largely  used  in 
photography  as  a  developer.  On  oxidation  it  readily  loses 
two  atoms  of  hydrogen  forming  guznone,  C0H4O2,  which 
sublimes  in  beautiful  yellow  needles  with  a  penetrating  smell, 
and  has  a  constitution  represented  by  one  of  the  following 
formulae : — 


XXXIX  SALICYLIC  ACID  411 

CO  C O 

HC  /\  CH  HC  /\  CH 


HC  L     J  CH  HC 

CO 


\/ 


CH 


X) 


Its  tetrachlorO'derivative^  generally  known  as  chloranil, 
CeCl402,  is  obtained  in  golden  scales  by  the  action  of  hydro- 
chloric acid  and  potassium  chlorate  on  quinone,  phenol,  and 
other  aromatic  compounds.  It  is  a  very  stable  body,  and  is 
not  acted  on  by  concentrated  sulphuric  or  nitric  acids,  or  by 
aqua  regia. 

Anddotoluene or  Toluidine^  C6H4(CH3)NH2,  exists  in  three 
isomeric  forms,  one  of  which  is  solid,  and  always  occurs  in 
commercial  aniline  ;  it  is  indeed  a  necessary  ingredient  for 
the  preparation  of  the  rosaniline  colours  (p  417).  It  melts 
at  40°  and  boils  at  202°.  The  toluidines  are  isomeric  with 
benzylamine,  CgH4.CH2.NH2  (p.  406). 

Cresoly  CeH4(CH3)OH,  is  the  next  homologue  of  phenol, 
and  exists  in  three  modifications,  all  of  which  are  contained 
in  coal-tar. 

SALICYLIC,  OR  HYDROX /BENZYL  GROUP. 

The  members  of  this  group  are  closely  connected  with  the 
benzyl  and  the  benzoyl  series,  differing  from  them  by  the  sub- 
stitution of  an  atom  of  hydrogen  in  the  benzene  residue  by 
hydroxyl  (OH). 

Saluyl  Aldehyde,  C^H^  j  q^^.— The  volatile   essential 

oil  of  the  flowers  of  the  meadow-sweet  {Spircea  ulmaria) 
consists  mainly  of  this  aldehyde.  It  is  also  formed  by  the  oxi- 
dation of  Saligenin,  Q^j^fi^  or  orthohydroxybenzyl  alcohol,  a 
body  derived  from  salicin,  a  bitter  principle  found  in  willow 
bark.  The  close  relations  of  saligenin,  orthocresol,  and 
benzyl  alcohol  are  shown  in  the  following  formulae: 

Saligenin.  Orthocresol.  Benzyl  Alcohol. 

C6H4(OH)CH20H ;        C6H4(OH)CH8 ;        CbHbCHjOH. 

Salicylic  Acid ^  or  Orthohy droxy  benzoic  Acid  {V2),  C6H4OH 
COgH,  is  found  together  with  the  aldehyde  in  the  oil  of 
Sfiircea,  and  is  formed  by  the  oxidation  of  salicyl  aide- 
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hyde,  &c.  It  is  now  obtained  on  the  large  scale  by  synthesis 
from  phenol.  Sodium  phenate  is  first  prepared  by  dis- 
solving phenol  in  caustic  soda,  and  then  passing  carbon 
dioxide  into  the  dry  salt,  which  is  slowljr  heated  up  to 
i8o°. 

Sodium  Phenate.  Sodium  Salicylate 

2C6H50Na  +  COj  =  C6H40Na.C02Na.  +  C«H»OH. 

On  heating,  salicylic  acid  sublimes,  and  at  a  higher  tem- 
perature decomposes  into  phenol  and  carbon  dioxide.  It 
crystallizes  in  large  four-sided  prisms,  which  melt  at  155°; 
its  aqueous  solution  gives  a  characteristic  violet  colour 
with  ferric  salts,  and  it  occurs  in  the  oil  of  winter-green 
(Gaultheria  procumbens)  as  the  methyl  ether  CgH4.(0H) 
CO2.CH3.  Salicylic  acid  possesses  valuable  disinfecting 
and  medicinal  properties. 

Parahydroxy benzoic  (1*4)  and  Metahydroxy benzoic  (1:3), 
Add  are  two  isomerides  of  salicylic  acid  ;  the  meaning  of 
the  numbers  (1:2),  (1:4),  (1:3),  placed  after  the  names  of 
these  acids  has  already  been  explained. 

Protocatechuic  Acid,  or  Dihydroxybenzoic  Acidy  C2H3(OH)2. 
CO2H,  is  formed  when  different  resins  and  plant  extracts, 
such  as  catechu,  are  fused  with  alkali,  and  crystallizes  in 
lustrous  needles,  the  aqueous  solution  of  which  is  coloured 
green  by  ferric  chloride.  The  corresponding  aldehyde,  C^Hj 
(OH)2CHO,  is  formed  by  the  action  of  chloroform  on  an 
alkaline  solution  of  catechol : 

C6H4(OH)2  +  CHCI3  +  H3O  =  C6Hs(OH)oCHO  +  3HCI. 

If  in  place  of  catechol  we  take  catechol  methyl  ether 
(guiacol)  the  corresponding  methylprotocatechuic  aldehyde  or 

/OCH3 
vanillin,  QHa — OH     is  formed ;    it  crystallizes   in   white 

\CHO 
needles  and  is  contained  in  vanilla-root. 

Gallic  Acid,  Qx  Trihydroxy benzoic  Acid,  C6H./OH)3C02H, 
is  contained  in  gall-nuts,  and  is  also  formed  by  heating  di-iodo- 
salicylic  acid  or  bromoprotocatechuic  acid  with  potash.  It 
forms  white  needles,  and  gives  a  bluish-black  precipitate  with 
ferric  chloride.  On  heating  it  decomposes  into Pyrogallol  or 
tri hydroxy  benzene,  Qf^Wj^OYi)^^  and  carbon  dioxide.  This 
compound,  which  is  also  known  dispyrogallic  acid,  crystallizes 
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in  white  needles  which  are  exceedingly  soluble  in  water.  Its 
alkaline  solution  rapidly  absorbs  oxygen,  becoming  brown, 
and  is  therefore  largely  used  in  gas  analysis.  It  is  also  em- 
ployed in  photography  as  a  developer,  as  it  reduces  the  salts 
of  the  noble  metals.  With  ferric  chloride  it  gives  a  red, 
with  ferrous  sulphate  a  blue  coloration. 

Tannic  add,  C14H10O9,  is  found  together  with  gallic' acid  in 
gall-nuts,  and  other  plants,  and  forms  an  amorphous  powder, 
having  a  very  astringent  taste.  It  gives  a  bluish-black 
coloration  with  ferric  chloride ;  and  on  boiling  with  dilute 
acids  takes  up  the  elements  of  water,  forming  two  molecules 
of  gallic  acid,  of  which  it  is  therefore  a  kind  of  anhydride. 
Its  constitution  is  represented  by  the  formula  : 

C6H2(OH)8.COv 

C6H2(OH)a(C02HK 


AROMATIC  COMPOUNDS    WITH    EIGHT  ATOMS  OF    CARBON. 

Dimeihylbenzenes  or  Xylenes,  C6H4(CH3)2. — Like  other 
disubstitution  products  these  exist  in  three  modifications, 
corresponding  to  the  dibromobenzenes.  All  three  occur  in  coal- 
tar,  but  as  they  boil  at  about  140°  they  cannot  be  separated 
by  fractional  distillation.  Each  can  however  be  obtaihed  by 
synthesis.  'Y\sM'=i  paraxylene  is  obtained  by  acting  on  para- 
dibromobenzene  with  sodium  and  methyl  iodide,  and  boils 
at  1 36°  ;  metaxylene  is  formed  by  the  distillation  of  mesity- 
lenic  acid,  C6H3(C02H)(CH3)2,  with  lime,  whilst  orthoxylene 
is  prepared  from  orthodibromobenzene  in  a  similar  manner 
to  paraxylene. 

The  dibasic  acids  having  the  formula,  CeH4(C02H)2,  are 
known  as  the  phthalic  acids.  According  to  the  theory  three 
different  phthalic  acids  should  exist,  and  three  have  been 
obtained.  They  are  distinguished  as  phthalic  acid  (1.2), 
isophthalic  acid  (1.3),  and  terephthalic  acid  (1.4),  and  are 
obtained  by  the  oxidation  of  the  xylenes  and  other  benzenoid 
derivatives  in  which  two  atoms  of  hydrogen  are  replaced  by 
alcohol  radicals. 

Phthalic  Acid  J  CeH4(C02H)  (1.2),  is  obtained  on  the  large 
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scale  by  the  oxidation  of  naphthalene,  and  crystallizes  from  hot 
water  in  large  prisms.  It  melts  at  185°  and  decomposes  on 
distillation  mio  phthaiic  anhydride,  CgH4(CO)20,  and  water. 

Isophthalic  Acid^  CeH4(C02H)2  (1.3),  crystallizes  from  hot 
water  in  thin  slender  needles,  melts  above  300°,  and  sublimes 
without  decomposition. 

Terephthalic  Acid,  CgH4(C02H)2  (1.4)  is  a  white  powder, 
almost  insoluble  in  water,  and  sublimes  on  heating  without 
melting. 

Ethylbenzene,  CeH5.C2H5,  is  obtained  by  the  action  of 
sodium  on  a  mixture  of  bromobenzene  and  ethyl  bromide, 
and  is  a  liquid  boiling  at  134°.  By  the  action  of  bromine 
it  yields  the  compound  C6H5.CH2.CH2Br,  which  on  treat- 
ment with  alcoholic  potash  yields  styrolene  or  phenyl- 
ethylene,  CgHg.CH-.CHg,  i.e.  ethylene  with  one  atom  of 
hydrogen  replaced  by  the  phenyl  group.  Like  ethylene 
itself  this  unites  directly  with  bromine,  forming  the  com- 
pound, QH5.CHBr.CH2Br,  which  on  treatment  with  alco- 
holic potash  yields  phenyl  acetylene,  QHgC  •  CH  ;  this 
hydrocarbon  like  acetylene  forms  compounds  with  the 
metals  such  as  CgHs.CiCNa. 


AROMATIC  COMPOUNDS  WITH  NINE  ATOMS  OF  CARBON. 

Trihtethylbenzenes,  CgH3(CH3)3. — Two  compounds  of  this 
composition  occur  in  tar-oil ;  one,  termed  mesitylene,  boiling 
at  163°,  can  be  prepared  by  heating  acetone  CH3.CO.CH3, 
with  sulphuric  acid,  three  molecules  of  this  substance  uniting 
with  separation  of  water,  just  as  three  molecules  of  acetylene 
unite  to  form  one  of  benzene  ;  the  methyl  groups  have  the 
positions  i,  3,  and  5.  Pseudo-cumene  (i,  3,  4,  tri-methyl- 
benzene)  boiling  at  166°  and  Cumene  (isopropyl  benzene) 
boiling  at  151°,  are  isomeric  hydrocarbons. 

Anethol,  C6H4.C3H6.OCH3,  is  the  chief  constituent  of  oil 
of  anise.  Eugenol,  CeH3(OH)(C3H5)(OCH3),  exists  in  oil  of 
cloves  and  oil  of  pimento. 

Cinnyl  Alcohol,  CeHg.CHiCH.CHg.OH,  is  contained  as 
cinnamic  ether  in  liquid  styrax,  whilst  Cinnamaldehyde, 
CeHfi.CHiCH.CHO,  is  the  chief  constituent  of  the  oil  of 
cinnamon. 
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Cinnamic  Acid,  C6H5.CH:CH.C02H,  exists  in  styrax,  in 
balsams  of  Tolu  and  of  Peru. 

It  may  be  prepared  synthetically  by  heating  benzaldehyde 
with  sodium  acetate  and  a  dehydrating  agent  such  as  acetic 
anhydride  : 

C6H5.CHO  +  CH8.CO,Na  =  CgHgXHZICH.COjNa  +  H,0. 

This  reaction  is  very  important,  as  many  other  aldehydes 
can  be  substituted  for  benzaldehyde,  and  homologues  of 
cinnamic  acid  thus  obtained.  Cinnamic  acid  closely 
resembles  benzoic  acid,  melts  at  133°,  and  is  converted  by 
nascent  hydrogen  \n\jo phenylpropionic  acidy  CeH5.CH2.CH2. 
CO2H,  which  crystallizes  from  water  in  long  slender 
needles. 

O— CO 
Coumarin,  Q^^^  i      is  a  crystalline  solid  found  in 

VH:CH 
the  sweet  woodruff,  in  Tonka  bean,  and  in  certain  sweet- 
scented  grasses.     It  can  be  artificially  formed  by  acting 
on   sodium-salicyl-aldehyde  with  acetic  anhydride,  and  is 
the  lactone  of  a  hydroxycinnamic  acid. 

r  OH 

Tyrosin,  Q^^  1  C  H  CNH  \CO  H  ^^  ^  product  of  the  de- 
composition of  albuminous  bodies,  hair,  feathers,  horn,  &c. ; 
it  likewise  occurs  in  decomposing  cheese,  and  in  the  cochineal 
insect. 


AROMATIC    COMPOUNDS  WITH  TEN  TO  TWELVE  ATOMS  OF 

CARBON. 

Tetra-methyl-benzene^  or  Durene,  C8H2(CH3)4,  does  not 

exist  in  coal-tar,  but  it  can  be  artificially  prepared  by  the 

action  of  sodium  on  a  mixture  of  bromopseudocumene  and 

methyl  iodide ;  it  is  a  solid  body  melting  at  79°  and  boiling 

at  190°. 

{  CH 
Methylisopropyl'benzeney  or  Cymene^  ^%^i  1  C  H     ^^  ^^^" 

tained  in  Roman  cummin-oil,  and  boils  at  175°. 

{CH 
P  Tj  ,  is  contained  in  oil  of  thyme ; 

it  forms  tabular  crystals,  which  melt  at  44°  and  boil  at  230°. 


I 
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Mellitic  Acidy  ^(CO.OH)^,  is  contained  as  an  aluminium 
salt  in  mellite,  or  honey-stone,  which  occurs  in  large  octo- 
hedral  crystals  in  the  brown-coal  formation. 


THIOPHEN,  C4H4S. 

This  compound  occurs  in  small  quantities  in  coal-tar 
benzene,  and  may  be  artificially  prepared  by  passing 
acetylene  through  boiling  sulphur  : 

HC=CH  HC=CHv 

+  S  =      I  >S. 

HCECH  HC=CH/ 

It  boils  at  84°,  has  the  strongest  possible  resemblance 
both  physically  and  chemically  to  benzene,  and  forms  a 
series  of  derivatives  which  closely  resemble  those  of 
benzene. 


COMPOUNDS  CONTAINING  TWO  OR  THREE  BENZENE 

NUCLEI. 

We  are  acquainted  with  a  large  number  of  derivatives 
which  contain  two  or  more  benzene  nuclei,  either  combined 
together  directly,  as  in  the  compound  Diphenyl^  QHg.CgHg, 
or  connected  together  by  means  of  one  or  more  intermediate 
carbon  atoms,  as  with  diphenylmethaney  C6H5.CH2.CgH5, 
triphenylmethane^  CH(C6H5)3,  and  dibenzyl,  CgH5.CH2. 
CH2.CgH5. 

All  these  hydrocarbons  give  rise  to  a  series  of  compounds 
similar  to  those  described  in  the  case  of  benzene.  In  this 
work  it  is  impossible  to  do  more  than  describe  the  more  im- 
portant derivatives. 

Diphenyly  C12HJ0,  is  obtained,  together  with  other  sub- 
stances, by  passing  benzene  through  a  red-hot  tube.  It  crys- 
tallizes in  colourless  peculiarly  smelling  plates,  melts  at  79*5° 
and  boils  at  240°.  It  is  also  prepared  by  acting  on  bromoben- 
zene  with  sodium : 

CgHsBr  CgHg 

+  2Na  =  I  -h  2NaBr. 

CgHsBr  C5H5 
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Benzidine  or  Diamidodiphenyl^  (CgH4.N  112)2. — Nitric  acid 
acts  on  di phenyl  in  the  same  manner  as  on  benzene,  forming 
a  nitro-compound,  namely  p-dinitrodiphenyl^  (CgH4.N02)2, 
which  on  reduction  yields  the  corresponding  diamido- 
compound,  known  as  benzidine.  It  may  also  be  readily  pre- 
pared from  nitrobenzene  ;  this  compound  on  reduction  with 
zinc  dust  in  alcoholic  solution  yields  azobenzene. 

N0j.CeH5  N.QH5 

+  8H  =  II  +  4HaO. 

NOj-CgHs  N.CeHB 

On  further  reduction  azobenzene  is  converted  into  hydrazo- 
benzene^  QH5.NH.NH.QH5,  which  on  treatment  with 
mineral  acids  undergoes  an  intramolecular  change  forming 
the  isomeric  benzidine. 

NH.C»H5        C«H4.NH, 

I  =   I 

NHXeHs        CeH4.NHj. 

The  latter  crystallizes  in  large  lustrous  plates,  and  is  manu- 
factured on  the  large  scale  for  the  preparation  of  azo-colours 
similar  to  those  already  described  (p.  404). 

Triphenylmethane,  CH(QH6)3,  is  formed  by  the  action  of 
chloroform  on  benzene  in  presence  of  aluminium  chloride. 

CHCls  +  sCeHe  =  CHlCeHg),  +  3HCI. 

The  manner  in  which  the  aluminium  chloride  acts  is  not 
known,  but  the  reaction  is  a  very  general  one  and  is  largely 
used  for  preparing  aromatic  hydrocarbons.  Triphenyl- 
methane  crystallizes  from  alcohol  in  lustrous  plates,  melting 
at  92°,  and  on  oxidation  yields  an  alcohol,  triphenylcarbinol^ 
HO.C(CqH6)3,  which  crystallizes  in  hard  six-sided  prisms 
melting  at  1 57°. 


COLOURING-MATTERS  DERIVED  FROM  TRIPHENYLMETHANE. 

Triphenylmethane  is  the  mother  substance  of  a  very  im- 
portant series  of  colouring  matters,  some  of  which  are  derived 
from  triphenylmethane  itself,  and  others  from  its  methyl 
derivative,  or  diphenyltolylmethane, 

E  E 
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/CgH4.CH3 
CH^CeHj 


\C«H 


6**6 


Matachite-green  is  obtained  by  heating  dimethylaniline 
with  benzaldehyde  and  hydrochloric  acid : 

/QH4.N(CHj), 
C6H5.CHO  +  2C6H5.N(CH8)a=CeH5.CH<  +H,0. 

\C6H4.N(CH,), 

The  tetramethyldiamidotriphenylmethane  thus  obtained  is 
oxidized  by  lead  dioxide  to  the  corresponding  carbinol, 


QH5.C(OH) 


\< 


CeH4.N(CH,), 


^CflH4.N(CHj)j, 

which  combines  with  acids  with  elimination  of  water  and 
formation  of  malachite-green.  The  commercial  product  is 
the  zinc  double  salt  or  the  sulphate,  and  is  us6d  for  dyeing 
wool,  cotton,  and  silk  green. 

By  the  oxidation  of  mixtures  of  aniline  and  the  toluidines 
two  bases  are  obtained  XjtxvsM^ApararosaniHne^  ^v^i&^jS^^y 
and  rosaniline^  C2oH^Nj(OH).  The  first  is  formed  from 
aniline  and  paratoluidine  (solid),  whilst  aniline  and  liquid 
orthotoluidine  yield  rosaniline,  the  following  equations  repre- 
senting the  reactions  : 

2C6H7N  +  C7H9N  +  30  =  CijjHigNaO  +  2HaO 
CfiHyN  +  2C7H9N  +  30  =  CaoHaiNjO  +  2HjO. 

Pararosaniline  can  also  be  prepared  from  triphenyl- 
carbinol  in  a  way  which  shows  its  constitution.  The  latter 
compound  is  converted  by  nitric  acid  into  a  trinitro-deri- 
vative,  HO.C(CeH4.N02)s,  and  this  on  reduction  yields,  as 
usual,thecorrespondingamido-derivative,  HO.C(C8H4.NH2)j, 
which  is  identical  with  pararosaniline.  Rosaniline  is  the 
corresponding  derivative  of  diphenyltolylmethane  and  has 
the  constitutional  formula: 

/C6H8(CHs)NH2 
HO.Cf^C6H4.NH2 
\C6H4.NH2 

The  free  bases  are  colourless  crystalline  compounds,  but 
combine  with  acids  with    elimination   of  water  forming 
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crystalline  salts ;  these  have  a  golden-green  lustre  and  dissolve 
in  water  or  alcohol,  forming  a  beautiful  red  solution,  which 
dyes  fabrics  the  same  colour.  The  hydrochloride  of  pararosa- 
niline  has  the  constitutional  formula : 


>C<| 
[rC,H/     ^NH.HCl. 


N  Hj.  C  (|H4\.        xCgH^ 
NH, 


and  on  treatment  with  alkalis  becomes  colourless,  the  free 
base  being  reformed. 

The  commercial  colouring  matter  known  as  Magenta  or 
Fuchsin  is  a  mixture  of  the  salts  of  pararosaniline  and  ros- 
aniline,  obtained  from  a  mixture  of  aniline  and  the  two 
toluidines  by  oxidizing  it  with  a  mixture  of  nitrobenzene,  iron, 
and  hydrochloric  acid. 

The  coloured  salts  are  converted  by  reducing  agenfs  into 
colourless  substances  known  as  leucanilines  (Xcv/cor,  white). 
Thus  pararosaniline  hydrochloride  yields  paraleucarUliney 
jvhich  is  found  to  be  triamidotriphenylmethane.  Of  the  three 
compounds 

/CeH4.NH2  /CeH4.NHj  /C6H4.NH, 

HCeC6H4.NH«     IIO.C(-CeH4.NH,      C^C«H4.NH, 
\C6H4.NH;  \CeH4.NHj         \C8H4.NH.HC1 

}  Pararosaniline 


Leucaniline  Pararosaniline  hydrochloride. 

only  the  last  is  coloured,  and  the  cause  of  the  colour  must,  in 
some  way,  be  due  to  the  combination  of  the  methane  carbon 
atom  with  the  nitrogen  of  the  amido-group. 

When  rosaniline  is  heated  with  methyl  alcohol  and  methyl 
chloride,  the  hydrogen  of  the  amido-group  is  replaced 
partially  or  wholly  by  methyl^  with  formation  of  Methyl- 
violets  or  HofmarCs  Violets,  The  blue  colour  becomes  more 
intense,  the  more  methyl-groups  the  compound  contains. 

The  Paris  violets  are  obtained  by  oxidizing  methyl-  and 
dimethylaniline,  and  are  also  pararosaniline  derivatives. 
Pure  dimethylaniline  yields  pentamethyl pararosaniline,  the 
hydrochloride  of  which,  Ci9Hi2(CH3)gN3.HCl,  forms  crystals 
with  a  cupreous  lustre,  and  dissolves  in  water  with  a  deep 
violet-blue  colour  ;  on  addition  of  a  little  sugar  to  the  solution 
it  forms  a  beautiful  ink. 

Hexamethylpararosaniline  hydrochloride  is  very  similar, 

£  £  2 
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a  dark-blue  powder.  This,  when  evaporated  to  dryness  and 
cut  into  small  cakes,  constitutes  the  indigo  of  commerce. 
The  pure  colouring  matter  termed  IndigotiH  is  obtained 
from  commercial  indigo  in  crystals  by  sublimation  ;  its  com- 
position is  CieHiQN202.  Indigo  is  insoluble  in  water  and  in 
alcohol  and  ether ;  strong  or  fuming  sulphuric  acid  dissolves 
indigo,  forming  a  deep-blue  solution  of  indigotindisulphonic 
acid.  Indigo  occurs  sometimes  in  healthy  urine  in  Small 
quantities.  When  indigo  is  exposed  in  contact  with  alkalis 
to  reducing  agents,  it  passes  into  a  soluble  and  colourless 
substance  by  absorption  of  hydrogen.  The  substance  thus 
produced  is  called  indigo  white;  its  formula  is  CieHi2N202. 
This  property  is  largely  employed  in  indigo  dyeing ;  an 
indigo  vat  is  prepared,  containing  i  part  of  indigo,  2  parts  of 
ferrous  sulphate,  and  3  parts  of  slaked  lime,  to  about  200 
parts  of  water,  these  being  allowed  to  stand  together  for  some 
time  in  a  closed  vessel.  The  cloth  is  then  dipped  into  the 
liquid,  and  on  exposure  to  air  becomes  permanently  dyed  by 
the  deposition  of  insoluble  blue  indigo  in  the  fibre  of  the 
tissue. 

The  constitution  of  indigo  blue  has  been  determined  by  a 
long  series  of  researches,  extending  over  many  years,  which 
have  also  brought  to  light  a  large  number  of  interesting  deri- 
vatives closely  allied  to  it,  and  have  rendered  possible  the 
synthetical  production  of  the  colouring  matter. 

By  the  oxidation  of  indigo  it  is  converted  into  a  yellow 
crystalline  substance  known  as  isatin,  C8H5NO2.  This  is 
also  formed  by  heating  ortho-amidophenylglyoxylic  acid, 

yCO-COOH 
CeH4\  ,  and  therefore  has  either  the  formula 

.CO  CO 

QH4<f         >CO,orC6HZ       ^C-OH.  As  it  yields  achloride 
^NH^  ^  N  ^ 

CO 
of  the  formula  CeH4<^         x^^Cl  the  latter  is  usually  supposed 

to  be  correct.  On  further  reduction  isatin  is  converted  into 
Oxindole^  CgH^NO,  which  is  also  formed  by  heating  ortho- 

XHa'COOH 
amidophenylacetic  acid.     ^^/  ,  water  being 
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,CH,. 
split  off ;  it  has  therefore  the  constitution  C6H4<  }C0. 

On  heating  with  zinc  dust  the  latter  substance  is  converted 

into  a  crystalline  body  termed  indole^   Q^/  /CH, 

which  is  also  obtained  by  passing  the  vapour  of  ethylaniline 
through  a  red-hot  tube : 

CeH5<;  >CH,  =  CgH/        ^CH  +  2Hy 

Indole  is  one  of  the  products  of  pancreatic  digestion,  and 
also  sometimes  occurs  in  the  urine. 

Artificial  Preparation  of  Indigo, — A  number  of  different 
methods  of  obtaining  indigo  by  synthesis  have  been  dis- 
covered,  but  none  have  yet  been  so  successful  as  to  compete 
to  any  extent  with  the  natural  product.  The  one  which 
throws  the  clearest  light  on  the  constitution  of  indigo  is  the 
reduction  of  isatin  chloride  (p.  422)  with  ammonium  sulphide. 

2CeH4<       J^C.Cl+4H  =  CeH/        >C=C<         >CeH 

\n^  \nh^        \nh/ 

+  2HCI. 

It  is  also  formed  by  treating  orthonitrophenylpropiolic 
.CEC.CO2H 
acid,  Q^/  ,  with  reducing  agents,  as  well  as  by 

the  action  of  fused  caustic  potash  on  monobromacetanilide, 
CgHfi.NH.CO.CHgBrjand  on  phenyl  glycocolljCfiHg.NH.CHg. 
COOH.  The  latter  compound  may  also  be  directly  con- 
verted into  indigotindisulphonic  acid  by  the  action  of  fuming 
sulphuric  acid. 


NAPHTHALENE  GROUP. 

Naphthalene^  CioHg,  is  one  of  the  chief  constituents  of  coal- 
tar,  and  is  formed  in  the  dry  distillation  of  many  carbon  com- 
pounds, especially  when  the  distillate  is  heated  to  a  very  high 
temperature,  being  formed  in  this  manner  even  from  alcohol 


6**4 
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and  acetic  acid.  It  crystallizes  In  large  pearly  white  plates, 
melts  at  80°,  boils  at  217°,  but  sublimes  at  a  lower  temper- 
ature. 

Naphthalene  contains  two  benzene  nuclei,  which  have 
two  carbon  atoms  in  conmion,  as  shown  in  the  formula 

CH  CH 

/\/\ 
HC      C      CH 

I        I        I 
HC      C      CH 

\/\/ 
CH  CH 

This  is  shown  by  the  following  considerations :  when 
naphthalene  is  acted  on  by  nitric  acid,  it  yields  nitronaph- 
thalene,  C10H7NO2,  which  on  oxidation  forms  nitrophthalic 
acid,  showing  the  presence  of  at  least  one  benzene  nucleus. 
If  nitrophthalic  acid  be  reduced  it  yields  amidonaphthalene, 
C10H7NH2,  and  this  on  oxidation  does  not  yield  amido- 
phthalic  acid,  but  simply  phthalic  acid.  Hence  amido- 
naphthalene  must  also  contain  an  unsubstituted  benzene 
nucleus,  as  well  as  the  one  in  which  the  amido-group  is 
present,  i,e.^  naphthalene  must  contain  two  benzene  nuclei. 
That  the  two  carbon  atoms  common  to  both  nuclei  are 
adjacent  to  one  another,  as  shown  in  the  above  formula,  is 
proved  by  the  fact  that  naphthalene  is  converted  on  oxida- 
tion into  phthalic  acid,  C6H4(C02H)2,  in  which  as  previously 
shown  (p.  413)  the  carboxyl  groups  are  attached  to  adjacent 
carbon  atoms. 

CH  CH    ^^'-*  CH    rQQTT 

HC      C      /CH  HC      C 

I       I       I   I        +   9O   =       I       I  +  2CO2  +  H.O. 

HC      C      \CH  HC      C 

CH  CH  "•-...,  CH    ^^^H 

If  the  two  common  carbon  atoms  had  not  occupied  the 
adjacent  position,  then  by  its  oxidation  either  isophthalic 
acid,  or  terephthalic  acid  would  be  formed. 

Naphthalene-  differs  from  benzene  inasmuch  as  it  forms 
two  isomeric  monosubstitution  products,  according  as  the 
suhsiiiuQTiX.  group  is  combined  with  a  carbon  atom  which  is 
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in  direct  union  with  one  of  the  common  carbon  atoms,  or 
not.  The  two  positions  are  designated  a  and  iS,  as  shown 
below. 

(a)     (a) 
CH  CH 

{0)  HC      C      CH  (fi) 

03)  HC      C      CH  (j8) 

CH  CH 

(«)     (a) 

Naphthalene  yields  halogen  substitution  products  just  in 
the  same  manner  as  benzene,  but  the  number  of  possible 
isomerides  is  much  larger,  as  no  less  than  10  isomeric 
disubstitution  products  can  theoretically  exist.  The  whole  of 
the  10  dichloronaphthalenes  have  been  prepared. 

Two  monohydroxy-derivatives  of  naphthalene  exist,  and 
are  known  as  a-  and  ^-naphthol^  CioH7(OH).  They  closely 
resemble  phenol  and  are  used  in  the  preparation  of  colours. 
Thus  the  sodium  compound  of  a-dinitronaphthol  occurs  in 
commerce  as  naphthalene  yellow. 

Similarly  two  amidonaphthalenes,  CioH7.NH2,  corre- 
sponding to  aniline  are  known,  and  are  generally  termed  a- 
and  ^-naphthylamine.  They  yield  diazo-compounds  in  the 
same  manner  as  aniline,  and  these  unite  with  other  amido- 
compounds  and  phenols  forming  azo-colouring  matters  of 
great  technical  importance.  One  of  these,  Biebrich  scarlet^  is 
obtained  from  the  sodium  sulphonate  of  aniline  yellow,  C0H4 
(S08H).N2.CeH4.NH  (also  known  as  Acid  Yellow)^  by  con- 
verting it  into  a  diazo-compound,  and  combining  the  latter 
with  j3-naphthol.  It  has  the  constitutional  formula  CjoHg 
(OH).N2.CgH4  N2.C6H4.S03Na.  Again  by  the  action  of  the 
diazo-compound  of  benzidine  (p.  417)  on  a-amidonaphtha- 
lenesulphonic  acid,  we  get  C^«^^r^^/,CioH6(NH2)SOsNa.N2. 
CflH4.C6H4.N2CioH6(NH2)S03Na. 

The  corresponding  compounds  to  benzoic  acid,  viz.  a- 
and  ^-naphthoic  acid,  CioH7,COOH,  show  very  analogous 
properties  to  that  acid. 
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ANTHRACENE  GROUP. 

Anthracene^  C\/^\^. — This  hydrocarbon  is  contained  in  the 
least  volatile  portion  of  coal-tar  oils,  and  crystallizes  in 
white  silky  scales  which  have  a  pale  blue  fluorescence  when 
quite  pure  ;  it  melts  at  213*^,  and  boils  above  360°. 

It  has  been  artificially  prepared  by  the  action  of 
acetylene  tetrabromide  on  benzene  in  presence  of  aluminium 
chloride,  thus  showing  its  constitution. 


CH       Br  CH  Br 

CH 

HC   CH 

HC   CH 

1        + 

+ 

1    1 

HC   CH 

• 

lie   CH 

CH       Br( 

:HBr 

CH 

CH  CH  CH 

HC   C 

C   CH 

HC   C 

1   + 
C   CH 

4HBr. 

\^. 

H 

CH 

It  yields  substitution  products  with  chlorine  in  the  same 
manner  as  benzene  and  naphthalene.  Its  most  important 
derivative  is  anthraquinone^  ^v^^i*  which  is  readily  formed 
by  its  oxidation.  This  substance  forms  yellow  needles  and 
has  been  prepared  by  synthesis  in  several  ways ;  for  example 
by  heating  calcium  phthalate  : 


i/CO.O.       j 
^CO.iO^      i 


,Oj.CO 


Ca<    ^ :>CeH, 

\O.CO:/ 


=  CgHZ         >C6H4  +  2CaCOs. 
^CQ/ 

Its  formation  by  the  oxidation  of  anthracene  is  readily 
understood,  the  two  central  CH  groups  being  oxidized 
to  CO. 


ALIZARIN 

Alinarin,  CuH,Oj{OH)j,  occurs  as  a  glucoside  [ruderythrte 
la'ii)  in  the  madder  root ;  this  undergoes  decomposition 
into  its  constituents  on  bailing  with  acids  or  alkalis,  or  by  a 
process  of  fermentation  which  goes  on  in  the  moist  root. 
It  is  artificially  prepared  by  sulphonating  anthraquinone 
and  fusing  ihe  sulphonic  acid  with  caustic  soda.      It  is  a 

^L  dihydroxyanthraquinone,  as  is  also  shown  by  its  synthesis 

^m  from  phthalic  anhydride  and  catechol. 


h  CaH^(OH)j  =  CbHZ         ;C,Hj(OH),  +  Hja 


■Vo/  ' 


The  commercial  product  obtained  from  anthraquinono-  I 
sulphonicacid  is  amixture  of  various  hydroxyanthraquinf 
of  which  alizarin  is  the  chief  constituent. 

This  artificial  production  of  alizarin  is  especially  interesting  J 
as  it  is  the  first  example  {1868)  of  the  synthesis  of  a  naturally  1 
occurring  vegetable  colouring  matter,  and  therefore  marks  I 
an  era  in  the  history  of  applied  chemistry. 

Alizarin,  is  deposited  in  long,  red,  needle-shaped  crystals. 
It  is  but  very  slightly  soluble  in  cold,  but  more  soluble  in  hot 
water,  and  easily  dissolves  in  alcohol.  Alizarin  produces 
insoluble  red-coloured  compounds  with  alumina  and  stannic 
oxide,  which  are  termed  lakes,  and  a  purple  or  black  com- 
pound with  ferric  oxide.  Hence  in  calico-printing,  solutions 
of  these  oxides  are  used  as  tuordaitls,  and  are  printed  in 
pattern  on  the  cotton  cloth,  which  after  undergoing  certain 
preparatory  processes,  was  formerly  boiled  in  the  "  dye-beck," 
containing  the  ground  madder-root  mixed  with  water.  The 
alizarin  of  the  madder  forms  with  the  mordanted  cioCh  an 
insoluble  compound,  which  is  coloured  pink,  purple,  black, 
or  chocolate,  according  as  the  mordant  has  been  pure  alumina 
or  pure  iron,  or  a  mixture  of  the  two.  Since  the  introduction 
of  artificial  alizarin  the  use  of  madder-root  has  been  entirely 
discontinued  and  the  processes  of  dyeingand  calico-printing 
thereby  much  simplified.  The  so-called  Turkey-red  cloth  is 
cotton  cloth,  first  mordanted  with  oil  and  alumina,  and  after- 
wards dyed  with  alizarin.  Animal  fabrics,  such  as  silk  or 
wool,  do  not  require  the  application  of  mordants  ;  they  are 
able  alone  to  fix  and  render  insoluble  the  colouring  matter. 
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The  madder-root  yields  another  red-colouring  matter, 
termed  Purpurin^  which  is  a  trihydroxyanthraquinone ;  an 
isomeric  compound  known  as  Anthrapurpurin  is  contained 
in  crude  artificial  alizarin,  and  behaves  towards  mordants 
in  the  same  manner  as  alizarin,  but  gives  a  brighter  red 
colour. 

Phenanthrene,  C14H10. — This  hydrocarbon,  which  is 
isomeric  with  anthracene,  is  also  contained  in  coal-tar ;  it 
may  be  obtained  by  passing  stilbene  QHg.CH  :  CH.CgHg 
through  a  red-hot  tube. 

CgHg.CH         Cgri4.CH 

II       +    I  il       +   H^ 

CqHq.CH       c^h^.ch 
It  crystallizes  in  plates,  melts  at  100°,  and  boils  at  340°. 


LESSON  XL 

THE  TERPENES,  CAMPHOR,  AND  THE  GLUCOSIDES 

Under  the  general  name  of  Terpenes  is  included  a  series 
of  closely  related  hydrocarbons  having  the  formula  CjoHjg. 
They  occur  in  the  ethereal  oils  obtained  chiefly  from  the 
conifers  and  different  varieties  of  Citrus.  A  very  large 
number  of  isomerides  have  been  described,  but  more  accurate 
investigation  has  shown  that  many  of  these  are  mixtures. 
At  present  nine  distinct  compounds  of  this  formula  are 
known,  viz.  :  Pinene,  Camphene,  Fenchene,  Limonene, 
Dipentene,  Sylvestrene,  Phellandrene,  Terpinene,  and 
Terpinolene. 

These  stand  in  very  close  relation  to  one  another,  and 
also  to  the  aromatic  hydrocarbon  Cymene,  CioHi4  (p.  415), 
which  is  paramethylisopropyl  benzene. 
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I 
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HC 
HC 


C 

I 
CH 


CH 
CH 
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They  mostly  combine  with  one  or  two  molecules  of  bromine 
or  hydrogen  chloride,  and  also  form  very  characteristic 
additive  compounds  with  nitrosyl  chloride,  NOCL  They 
readily  lose  two  atoms  of  hydrogen  forming  cymene,  and  yield 
paratoluic  acid  and  terephthalic  acid  on  oxidation,  and  must 
therefore  be  regarded  as  additive  benzene  derivatives,  i,e»  as 
dihydrocymenes. 

Ptnene^  Qo^ie*  is  the  chief  constituent  of  common  oil  of 
turpentine,  which  is  obtained  from  the  ethereal  oil  of  different 
conifers  by  distilling  with  steam,  rosin,  or  colophony  remain- 
ing behind.  It  also  occurs  in  varying  quantity  in  numerous 
other  ethereal  oils.  Oil  of  turpentine  is  a  colourless  liquid, 
which  has  a  very  characteristic  odour,  boils  at  158-160°, 
and  has  a  specific  gpravity  of  o*856-o-87.  It  is  almost  in- 
soluble in  water,  but  is  miscible  with  alcohol  and  ether,  and 
dissolves  sulphur,  phosphorus,  resins  and  caoutchouc,  and 
is  therefore  used  in  the  preparation  of  varnishes  and  oil 
paints.  The  oil  of  turpentine  from  various  sources  has  a 
different  specific  rotatory  power,  owing  to  the  fact  that  its 
chief  constituent,  pinene,  exists  in  two  optically  isomeric  forms, 
viz.,  dextro-  and  lafevo-pinene.  The  so-called  French  and 
German  oils  (from  Pinus  sylvestris  and  maritimd)  are  laevo- 
rotatory  and  the  English  variety  (from  P.  australis)  is  dextro- 
rotatory. The  oil  gradually  absorbs  oxygen  from  the  air, 
becoming  resinous,  and  is  oxidized  by  nitric  acid  to  various 
fatty  acids,  terebic  acid,  toluic  acid,  terephthalic  acid,  &c. 

Pinene  combines  with  one  molecule  only  of  chlorine  and 
bromine,  forming  oily  additive  compounds  which  readily 
decompose  on  heating  into  hydrochloric  or  hydrobromic 
acid  and  cymene.    Pinene  hydrochloride.^  CjoHiyCl,  obtained 
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by  the  action  of  dry  hydrogen  chloride  on  pinene,  is  a 
crystalline  compound,  which  smells  like  camphor  and  is 
sometimes  known  as  artificial  camphor.  It  behaves  as  a 
saturated  compound. 

Pinene  nitro so-chloride ^  CioHiq(NO)C1,  is  obtained  by  the 
action  of  nitrosyl  chloride,  or  a  mixture  of  amyl  nitrite, 
acetic  and  hydrochloric  acids  on  pinene.  It  melts  at  103^, 
and  readily  loses  its  chlorine  by  double  decomposition 
with  fatty  amines  or  piperidine-forming  compounds  known 
as  nitrolamines.  Thus  piperidine  yields  the  compound 
QoHie(NO).NC6Hio. 

Pinol  or  Sobreroly  CjoHigO,  a  substance  isomeric  with 
camphor,  is  obtained  as  a  by-product  in  the  preparation  of 
pinene  nitrosochloride  from  amyl  nitrite,  and  is  also  formed 
by  the  oxidation  of  oil  of  turpentine  in  the  sunlight. 

From  the  above  reactions  it  appears  that  pinene  contains 
only  one  ethylene  linkage,  and  two  of  the  carbon  atoms  in 
the  para-position  are  probably  linked  together,  as  shown  in 
the  following  formula  : 

CHs    CHg 

\/ 
CH 

I 
CH 


HC 
HC 


/\CH, 
CH 


c 

I 

CH, 

Pinene. 

Camphene  is  obtained  from  pinene  hydrochloride  by  elim- 
inating hydrogen  chloride  or  from  camphor  by  reducing  it  to 
borneol,  CioHigO  (see  below),  and  treating  the  latter  with  a 
dehydrating  agent. 

Camphor^  CioH^gO,  is  found  in  the  camphor  tree  {Laurus 
camphora)^  indigenous  to  China  and  Japan,  together  with 
laevopinene  and  dipentene.  It  forms  a  crystalline  transparent 
mass,  which  has  a  very  characteristic  odour,  melts  at  175°, 
and  boils  at  204°.  It  is  oxidized  by  nitric  acid  to  the  dibasic 
camphoric  acidy  CjoHjoO^.     Camphor  exists  in  two  optically 
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isomeric  formS)  and  unites  with  hydroxylamine  and  phenyl- 
hydrazine  with  elimination  of  water,  and  therefore  contains  a 
carbonyl  group. 

Borneol^  Bomyl  alcohol  or  Borneo-camphor^  CjoHjeO,  is 
found  in  Dryobalanops  camfhora,  a  tree  indigenous  to 
Borneo  and  Sumatra.  It  is  also  obtained  by  reducing  cam- 
phor with  sodium  in  alcoholic  solution.  It  melts  at  206°, 
boils  at  212°,  and  has  a  smell  resembling  that  of  camphor 
and  pepper. 

The  constitution  of  these  three  compounds  is  probably  as 
follows ; 
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Fenchene  is  obtained  from  Fenchone^  CjoHigO,  a  compound 
contained  in  fennel,  and  is  very  closely  allied  in  its  properties 
to  camphor.  Dextro-limonene  or  Citrene  is  found  in  the 
ethereal  oil  obtained  from  oranges  and  lemons.  The  laevo- 
rotatory  modification  is  obtained  from  Pinus  sylvestris. 
Both  are  pleasant-smelling  liquids  of  specific  gravity  0846  at 
20°,  and  boil  at  175-176°.  They  combine  with  two  molecules 
of  chlorine  and  bromine  and  therefore  contain  two  ethylene 
linkages.    The  most  probable  formula  is 

CgHy 

I 
C 


HjC 
HC 


C 

I 
CHg 

Limonene. 


CH 
CH 


DiperUene  is  the  most  stable  of  the  terpenes  and  is  obtained 
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from  pinene,  camphene  and  limonene  by  heating  them  at 
250-300°.  It  also  occurs  in  wormseed  oil  together  with  cineol, 
and  is  a  pleasant-smelling  liquid  which  boils  at  17 5-1 76®,  has 
a  specific  gravity  of  0*85  3,  and  is  optically  inactive.  It  is  in 
fact  inactive  limonene^  and  may  be  obtained  by  mixing  equal 
parts  of  dextro-  and  laevo-limonene. 

Dipentenylene  dichloride^  ^v^\S'\^  is  formed  by  the  action 
of  an  acetic  acid  solution  of  hydrogen  chloride  on  limonene 
or  dipentene,  or  of  fuming  hydrochloric  acid  on  oil  of 
turpentine.     It  crystallizes  in  rhombic  tablets,  melting  at 

50'. 

Dipentenylene  glycol  or  Terpinol^  CioHi8(OH)2+H20,  is 
formed  by  the  action  of  alcohol  on  the  chloride,  or  by 
allowing  a  mixture  of  turpentine,  nitric  acid  and  alcohol  to 
stand.  It  crystallizes  in  large  transparent  prisms,  which  lose 
their  water  of  crystallization  on  heating,  then  melt  at  102° 
and  boil  at  258°  without  decomposition. 

Dipentenylene  oxide  or  Cineoly  CioH^gO,  is  the  chief  con- 
stituent of  wormseed  oil,  and  occurs  also  in  rosemary  oil  and 
eucalyptus  oil.  It  is  a  pleasant-smelling  liquid,  which  boils 
at  176°,  and  is  optically  inactive. 

Terpineol^  CioHjyOH,  is  formed^jy  boiling  the  above  glycol 
with  dilute  phosphoric  acid,  and  is  also  found  in  Cardamom 
oil.     It  is  also  a  pleasant-smelling  liquid. 

The  constitution  of  terpinol  and  cineol  is  probably  as 
follows : 

CjH, 
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Cineol. 


RESINS  AND   BALSAMS. 


Most  of  the  ethereal  oils  are  converted  by  absorption  of 
oxygen  into  more  or  less  solid  compounds  ;  these  are  termed 
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resins^  or  if  they  still  contain  unaltered  ethereal  oils,  balsams. 
Thus  rosin  or  colophony  is  obtained  in  the  preparation  of  oil 
of  turpentine ;  the  other  resins,  such  as  lac,  mastic  and  copal 
are  very  similar. 


CAOUTCHOUC  AND  GUTTA-PERCHA. 

These  substances  are  hydrocarbons  which  have  the  same 
composition  as  the  terpenes,  but  scarcely  anything  is 
known  of  their  chemical  properties.  Caoutchouc  or  india- 
rubber,  is  the  hardened  milk  sap  of  several  tropical  trees, 
(Ficus  elastica,  Jatropha  elastica^  Siphonia  Cahuchu^  &c.,) 
and  in  the  pure  state  is  white  and  transparent.  It  is  insoluble 
in  water,  but  swells  up  and  finally  dissolves  in  carbon  bi- 
sulphide and  in  oil  of  turpentine.  Caoutchouc  is  largely 
employed  for  the  preparation  of  waterproof  articles,  elastic 
tubes,  &c.  &c.,  and  is  of  great  importance  to  the  chemist.  It 
combines  with  sulphur  in  different  proportions  (the  process 
being  known  as  2/«/r««/>«//^«)yielding  substances  which  have 
very  valuable  properties.  Thus  a  substance  containing  2-3 
per  cent,  of  sulphur  is  much  more  elastic  than  the  unvulcan- 
ized  substance,  whilst  a  larger  quantity  converts  it  into  a 
hard  horn-like  mass,  known  as  ebonite  or  vulcanite^  which  is 
employed  instead  of  horn  for  the  manufacture  of  combs  and 
similar  articles. 

Gutta-percha  is  the  dried  milk  sap  of  Isonandra  Guttay  a 
tree  which  is  frequently  found  in  the  Malay  peninsula.  At 
the  ordinary  temperature  it  is  hard  and  brittle,  but  becomes 
plastic  on  warming  and  may  then  be  moulded  to  any  form. 
The  pure  substance  is  white,  and  readily  soluble  in  chloroform 
and  carbon  bisulphide. 


GLUCOSJ^ES.. 

The  numerous  substances- j^'stituting  this  class  occur  in 
the  bodies  of  many  plants,  and  j  leld  a  glucose  on  decompo- 
sition, together  with  other  bodies  ;  they  may  be  considered 
as  compound  ethers  of  gludose.  Amygdalin  and  salicin  may 
serve  as  examples  of  this  cl^ss  of  compounds. 

Amygdalin^    C2oH27NOii   -|-  sHgO,  is  found    in    bitter 
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almonds,  and  obtained  by  extraction  with  alcohol,  and  pre- 
cipitation with  ether  ;  it  forms  small  white  crystals  which  are 
soluble  in  water.  The  most  remarkable  decomposition 
which  amygdalin  undergoes  is  that  which  is  brought  about 
in  the  bruised  almond  by  the  presence  of  an  albuminous 
substance  called  emulsin  or  synaptase,  by  which  bitter 
almond  oil,  hydrocyanic  acid,  and  glucose  are  produced  : 

Amygdalin.  Benzalde-    Hydrocyanic      Glucose. 

hyde.  Acid. 

CjoHayNOu  +  2HjO  =  CyHeO  +  HCN  +  2C,Hi508. 

Salicifiy  CigHigOy,  is  contained  in  the  pith  of  the  willow 
and  poplar,  and  also  found  in  the  castoreum  contained  in  a 
gland  of  the  beaver.  Salicin  crystallizes  in  bright  white 
needles,  is  soluble  in  water  and  alcohol,  but  insoluble  in 
ether  ;  its  solution  possesses  a  strongly  bitter  taste.  In  pre- 
sence of  certain  ferments  it  is  decomposed  with  formation  of 
glucose  and  saligenin  or  orthohydroxybenzylalcohol  (p.  411). 

On  oxidation  salicin  is  converted  into  kelicin^  the  gluco- 
sideof  salicylaldehyde,  C6H4(CHO)OCgHn05.  which  crystal- 
lizes in  small  needles  and  has  been  artificially  prepared.  When 
glucose  is  acted  upon  with  acetyl  chloride  it  yields  aceto- 
chloroglucose,  QH7C1(C2H30)405,  and  this  on  treatment 
with  the  potassium  compound  of  salicylaldehyde  in  alcoholic 
solution  yields  helicin : 

/CHO 
CeH4<  +  CeH7Cl(CoH30)406  +  4C2H5OH 


^\ 


OK 

/CHO 
=  Cell/  +  4C2H5O.C2H8O  +  KCl. 

\OCeHiiO 

As  helicin  is  converted  into  salicin  by  the  action  of  sodium 
amalgam  in  water,  that  compound  can  also  be  artificially 
prepared. 

Myronic  Acid^  CioHjcNSgO.o. — The  potassium  salt  of  this 
acid  exists  in  the  seeds  of  blaik  mustard  :  it  decomposes  into 
oil  of  mustard  (allyl-thiocarbimide),  glucose,  and  hydrogen 
potassium  sulphate,  in  contact  with  an  albuminous  ferment 
found  in  the  seeds  : 

Potassium  Myronate.  Oil  of  Mustard.        Glucose. 

CioHjgKNSaOio  =  KHSO4  +  C3H5N.CS  +  CgHuO^ 
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IncUcan^  Q2H62N2O34,  is  a  glucoside  of  indigo  ;  and 
Ruberythric  acid,  C2cH2sOi4»  ^s  a  glucoside  contained  in 
madder-root,  which  yields  alizarin. 

Coniferin,  C16H22O8,  is  a  glucoside  obtained  from  the 
cambium  of  coniferous  trees.  This  when  heated  with  water 
and  emulsin  splits  up  into  glucose  and  a  crystalline  body 
C10H12O3,  which  on  oxidation  yields  vanillin,  CsHsOs,  the 
odoriferous  component  of  vanilla-root,    (p  412). 


LESSON     XLI 

THE  ALKALOIDS 

This  name  is  given  to  a  class  of  basic  compounds  con- 
taining carbon,  hydrogen,  nitrogen,  and  often  oxygen,  which 
occur  in  many  plants.  They  combine  with  acids,  and  as  a 
rule  yield  well  crystallized  double  salts  with  platinum  chloride. 
Many  of  them,  such  as  strychnine  and  nicotine,  are  ex- 
tremely violent  poisons,  whilst  others,  such  as  morphine  and 
quinine,  are  most  valuable  drugs. 

The  exact  constitution  of  only  a  few  of  these  has  been 
settled,  but  they  all  contain  a  closed  chain  of  carbon  and 
nitrogen  atoms,  most  of  them  being  derived  from  two  nitro- 
genous bases,  termed  pyridine  and  quinoline,  which  may  be 
regarded  as  benzene  and  naphthalene  in  which  one  CH  group 
has  been  replaced  by  an  atom  of  nitrogen,  as  shown  in  the 
following  formulae  : 


CH 

CH  CH 

HC      CH 

HC      C      CH 

1        1 
HC      CH 

i        1        1 
HC      C      CH 

N 

\U 

Pyridine. 

Quinoline. 

These  two  compounds  give  rise  to  a  large  number  of 
derivatives  similar  to  those  of  benzene  and  naphthalene,  some 
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of  which  have  proved  to  be  identical  with  naturally  occurring 
alkaloids. 

Pyridine  occurs  in  the  oil  obtained  in  the  dry  distillation 
of  bones.  It  is  a  liquid,  having  a  very  penetrating  odour, 
and  boils  at  1 14*5.  Quinoline  occurs  in  coal  tar,  and  is  also 
formed  by  distilling  quinine,  cinchonine,  &c.  with  potash  ;  it 
is  a  peculiar  smelling  liquid  and  boils  at  238°. 

Pyridine  and  quinoline  form  additive  compounds  with 
hydrogen  much  more  readily  than  the  corresponding  benzene 
compounds.    The  former  on  reduction  yields 

Pifieridine,  C5H10NH,  which  is  also  obtained  by  distilling 
piperine,  the  base  contained  in  black  pepper  with  an  alkali. 
It  is  a  colourless  liquid,  which  boils  at  106°,  and  has  an  odour 
resembling  that  of  pepper  and  ammonia.  Its  constitution  is 
represented  by  the  formula  : 

CHj 

MgC      Cllg 
I        I 

rIgC       CxIa 


\. 


Coniine^  CgHi^N  is  contained  in  the  seeds  of  the  hemlock 
{Conium  Maculatum).  It  is  a  colourless  very  poisonous 
liquid,  which  boils  at  168°,  has  a  strong  alkaline  reaction, 
and  forms  salts  with  acids.  It  has  been  obtained  syn- 
thetically from  pyridine  in  the  following  manner.  When 
pyridine  is  treated  with  methyl  iodide  it  yields  a-methylpyri- 
dine  or  picoline^  C6H4(CH3)N,  which  on  treatment  with 
aldehyde  yields  allylpyridinc : 

CH  CH 

/\  /\ 

HC      CH  HC      CH 

II  =11  +H5O. 

HC      C.CH3  +  O  :  HC.CH3        HC      C  CH  =  CH.CHj 

\/  \/ 

N  N 

On  addition  of  sodium  to  the  boiling  alcoholic  solution  of 
the  latter  it  takes  up  8  atoms  of  hydrogen  forming  propyl- 
piperidine 
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CH 

/\ 

HC      CH 

I        I 
HC      CH.CHa.CHa.CH*. 

\/ 

N 

which  has  all  the  properties  of  coniine,  with  the  ex- 
ception that  it  has  no  action  on  the  plane  of  polarized 
light,  whilst  the  natural  coniine  rotates  the  plane  to  the  right. 
If  the  artificial  base  is  converted  into  the  tartrate,  however, 
it  may  be  separated  into  a  more  soluble  and  less  soluble 
portion.  The  free  base  precipitated  from  the  latter  is  in 
all  respects  identical  with  the  natural  product,  whilst  the 
base  obtained  from  the  more  readily  soluble  tartrate, 
differs  from  it  only  in  rotating  the  plane  of  polarization  to 
the  left. 

Nicotine^  (C5H7)2N2,  is  the  chief  alkaloid  of  tobacco, 
which  contains  varying  quantities,  from  2  to  8  per  cent, 
of  this  substance.  Nicotine  boils  at  about  246°,  under- 
going partial  decomposition,  but  it  may  be  distilled  in  an 
atmosphere  of  hydrogen  without  change. 

Nicotine  is  soluble  in  water,  alcohol,  and  ether,  and  acts 
as  one  of  the  most  violent  poisons  with  which  we  are 
acquainted :  a  small  quantity  acting  on  the  motor  nerves, 
and  producing  convulsions  and  afterwards  paralysis.  Nico- 
tine does  not  contain  any  hydrogen  replaceable  by  an 
alcohol  radical,  and,  when  treated  with  iodide  of  ethyl,  yields 
a  salt  corresponding  to  ammonium  iodide  : 

(C5H7)2N2  +  2C2H5I  =  (C5H7)2(C,H5)jNjIa. 


Alkaloids  containing  Carbon^  Hydrogen^  Oxygen^  and 

Nitrogen, 

Alkaloids  of  Opium, — Opium  is  the  dried  juice  of  the  head 
of  the  poppy  {Papaver  somni/erum)  ;  it  is  prepared  largely 
in  Asia  Minor,  Turkey,  Egypt,  and  India.  The  Smyrna 
opium  is  most  esteemed,  and  contains  from  10 to  15  percent, 
of  morphine.     There  are  no  less  than  fifteen  different  alka- 
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loids  contained  in  opium,  of  which  morphine  and  narcotine 
arc  found  in  largest  quantity.     The  most  important  are  : 

Morphine .  .  .  CiyHuNOg.  Papaverine  .  .  C2iHjiN04. 
Codeine  .  .  .  CigHjiNOs-  Narcotine.  .  .  CjjHjgNOy. 
Thebaine  .    .    .  CigHjiNO,.       Narceine  .    .    .  CssHggNOg. 

In  addition  to  these  substances,  opium  contains  a  neutral 
crystallizable  substance  called  Meconine,  Ch)Hiq04,  and  an 
acid  called  Meconic  Acid,  C7H4O7,  with  which  the  alkaloids 
are  chiefly  combined,  as  well  as  many  other  substances  in 
small  quantities,  besides  extractive  matter,  &c.  Opium 
serves  as  a  most  valuable  medicine,  acting  in  small  doses  as  a 
sedative,  although  heightening  the  pulse  and  the  action  of 
the  heart.  Taken  in  larger  doses  it  acts  as  a  narcotic 
poison,  a  stupor  and  prostration  soon  ensuing,  resulting  in 
loss  of  all  voluntary  power  of  motion,  complete  coma,  and 
death.  It  appears  that  thebaine  is  the  most  powerful  of  the 
alkaloids,  then  narceine,  papaverine,  codeine,  morphine,  and 
narcotine. 

Morphine^  C17H19NO3+H2O. — In  order  to  prepare  mor- 
phine, the  opium  is  extracted  with  water,  and  the  meconic 
acid  precipitated  by  calcium  chloride ;  on  evaporating  the 
filtrate,  crystals  of  morphine  hydrochloride  separate  out. 
Morphine  dissolves  in  1,000  parts  of  cold  and  500  of  boiling 
water  :  hot  alcohol  dissolves  it  easily,  whilst  it  is  insoluble 
in  ether.  It  forms  crystalline  salts  soluble  in  water,  and 
contains  no  replaceable  hydrogen,  an  ammonium  iodide 
being  obtained  when  it  is  acted  upon  with  ethyl  iodide. 
Small  quantities  of  morphine  can  easily  be  detected  by  the 
formation  of  a  deep-blue  coloration  when  this  substance 
comes  in  contact  with  ferric  chloride. 

Apomorphine ^  C17H17NO2,  is  obtained  by  heating  morphine 
under  pressure  with  hydrochloric  acid.  Its  salts  produce 
vomiting  when  given  in  small  doses. 

Codeine^  or  Methyl-morphine^  Ci7Hj8(CH3)N03  4-H20, 
is  left  in  the  mother-liquors  from  which  the  morphine  has 
crystallized  out.  Codeine  is  much  more  soluble  in  water  than 
morphine,  and  is  contained  in  opium  in  much  smaller  quan- 
tities ;  it  has  a  strong  alkaline  reaction,  and  neutralizes  acids. 
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When  codeine  is  heated  with  hydrochloric  acid  under  pres- 
sure, apomorphine  and  methyl  chloride  are  formed.     . 

ThebcUney  Ci9H2iN03,  is  contained  in  very  small  quantities 
in  opium :  its  poisonous  properties  are  more  violent  than  any 
other  of  these  alkaloids  :  it  produces  tetanus. 

Papaverine^  C21H21NO4,  is  distinguished  from  the  other 
opium  bases  by  giving  a  deep-blue  colour  with  strong  sul- 
phuric acid. 

Narcotine^  C22H23NO7,  remains  insoluble  when  opium  is 
treated  with  water,  and  it  is  obtained  by  dissolving  it  out 
from  the  "  marc "  or  insoluble  portion  of  the  opium,  with 
acetic  acid.  It  dissolves  in  128  parts  of  boiling  alcohol  and 
19  of  boiling  ether.  Narcotine  when  heated  with  potash 
fiimishes  ammonia  and  methylamine,  as  well  as  di-  and  tri- 
methylamine ;  and  when  treated  with  hydriodic  acid,  it 
furnishes  3  molecules  of  methyl  iodide,  and  i  molecule  of  a 
new  base  called  nomarcotine  for  every  molecule  of  narcotine  : 

Ciglli^CCHJsNOy  +  3HI  =  Ci»H,7N07  +  3CH8I. 


Alkaloids  of  the  Strychnos, 

Two  alkaloids  possessing  most  powerful  poisonous  pro- 
perties, and  called  Strychnine  and  Brucine,  are  found  in  the 
seeds  of  the  Strychnos  Nux  Vomica  and  in  the  Strychnos 
Ignatius^  or  St.  Ignatius's  bean. 

Strychnine^  C21H22N2O2,  is  a  base  forming  crystallizable 
salts,  of  which  1*5  per  cent,  is  contained  in  St.  Ignatius's 
bean.  It  acts  as  a  violent  poison,  producing  tetanic  convul- 
sions :  it  is  however  sometimes  given  in  very  small  doses  in 
medicine.  Its  salts  are  all  extremely  bitter  and  tart. 
Strychnine  can  be  detected,  when  present  in  the  minutest 
quantities,  by  its  yielding  with  sulphuric  acid  and  potassium 
bichromate  an  intense  purple  colour,  which  passes  rapidly 
into  red,  and  then  into  yellow. 

Brucine^  C23H26N2O4  +  4H2O,  is  found  alone  in  false 
angustura  bark,  and  together  with  strychnine  in  Nux  Vomicay 
it  is  more  soluble  in  water  than  'alcohol  and  strychnine. 
Brucine  and  its  salts  are  less  poisonous  and  less  bitter  than 
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the  str^'chnine  compounds.  It  can  be  distinguished  from 
strychnine  by  the  bright  red  colour  produced  when  it  is 
moistened  with  nitric  acid ;  indeed  this  reaction  may  also 
be  employed  as  a  most  delicate  test  for  the  presence  of 
nitric  acicL 

Curarine^  ^loHj^N,  is  a  peculiar  alkaloid  contained  in  the 
cMX2ixe^  arrow-poison  ;  it  acts  as  a  most  powerful  poison. 


Alkaloids  of  the  Cinchonas, 

The  bark  of  this  species  of  trees,  originally  known  in  Peru, 
but  now  transplanted  to  Java  and  India,  contains  two  alka- 
loids, quinine  and  cinchonine  :  and  each  of  these  yields  two 
isomeric  modifications,  quinidine  and  quinicine,  cinchonidine 
and  cinchonicine. 

The  alkaloids  are  combined  in  the  bark  with  a  peculiar 
acid  termed  quinic  acid,  Cr,H7(OH)4.C02H.  Quinine  is  a 
most  valuable  medicine,  acting  as  a  febrifuge ;  cinchonine 
does  not  possess  the  same  valuable  properties. 

Quinine,  C20H24N2O2. — This  alkaloid  may  be  precipitated 
from  the  solution  of  its  sulphate  as  a  white  crystalline  pow- 
der. It  dissolves  in  900  parts  of  cold  water,  and  in  2  parts 
of  alcohol.  Its  solution  has  a  strong  bitter  taste,  and  rotates 
the  plane  of  polarization  to  the  left.  Quinine  may  be  de- 
tected by  adding  chlorine  water,  and  afterwards  an  excess  of 
ammonia,  to  solutions  of  the  sulphate,  when  a  green  colour 
is  produced.  Another  characteristic  reaction  consists  in  the 
deep  red  colour  produced  when  finely  powdered  potassium 
ferrocyanide  is  thrown  into  the  solution  of  quinine  in  chlorine 
water.  Quinine  possesses  no  replaceable  hydrogen,  as 
when  treated  with  ethyl  k)dide  a  salt  of  an  ammonium 
compound  is  formed.  Quinine  sulphate  is  the  salt  used  in 
medicine  ;  it  is  not  very  soluble  in  water,  but  dissolves  easily 
when  a  drop  or  two  of  sulphuric  acid  is  added.  Its  solution 
possesses  very  strongly  the  property  o{ fluorescence. 

Quinidine  and  Quinicine. — The  first  of  these  isomerides 
of  quinine  is  found  in  the  bark,  and  it  resembles  quinine  in 
its  febrifuge  qualities,  but  rotates  the  plane  of  polarization 
strongly   to   the  n\i^hi.      Quinicine   is  obtained  by    acting 
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upon  quinine  by  heat.  It  is  a  bitter  substance,  possessing  a 
semi-solid  resinous  consistency,  and  rotating  the  plane  of 
polarization  feebly  to  the  right. 

Cinchonine,  C20H24N2O. — This  body  is  separated  from  the 
quinine  which  accompanies  it  by  means  of  itslesser  solubility  in 
alcohol  :  thus  cinchonine  requires  30  parts  of  boiling  alcohol 
for  solution,  and  therefore  crystallizes  out  whilst  the  quinine 
remains  in  solution.  Cinchonine  is  not  nearly  so  powerful  a 
febrifuge  as  quinine  ;  it  is,  however,  used  as  a  medicine  in 
some  countries.  Although  it  only  differs  from  quinine  by  con- 
taining one  atom  less  oxygen,  it  has  not  yet  been  transformed 
into  the  latter.  It  does  not  produce  a  green  colour  with 
chlorine  water  and  ammonia  like  quinine ;  it  act§  as  a  strong 
base,  and  forms  salts  which  are  more  soluble  in  water  and 
alcohol  than  those  of  quinine. 

Cinchonidine — Cinchonicine — The  first  of  these  isomerides 
is  found,  together  with  quinidine,  in  the  brown  resinous  mass 
left  after  the  extraction  of  the  two  chief  alkaloids.  It  rotates 
the  plane  of  polarization  to  the  left,  whilst  cinchonine  has  a 
dextro-rotatory  action.  Cinchonicine  is  obtained  by  heat- 
ing a  cinchonine  sulphate  to  120°  or  130°;  it  rotates  the 
plane  of  polarization  feebly  to  the  right.      Hence  we  have 


Quinine  exerting  a  powerful  left-handed  rotation. 

Quinidine  ,,         powerful  right-handed 

feeble  right-handed 
powerful  right-handed 
powerful  left-handed 
feeble  right-handed 


Quinicine 
Cinchonine 
Cinchonidine 
Cinchonicine 


>» 
)» 
»> 


Solanum  Alkaloids. — These  plants  contain  an  alkaloid 
Ci7H23N03,  occurring  in  three  isomeric  forms,  each  of 
which  exerts  in  a  remarkable  degree  the  power  of  enlarging 
the  pupil  of  the  eye.  These  are  termed  Atropine^  found  in 
Atropa  belladonna ;  Hyoscy amine,  in  the  Hyoscyamus  niger; 
and  Hyoscine. 

When  these  three  substances  are  treated  with  hydrochloric 
acid,  they  are  converted  into  isomeric  bases  of  the  formula 
CgHifiNO,  and  an  acid  known  as  tropic  acidy  CgH^oOg.  The 
latter  is  also  obtained  by  acting  on  methylphenylketonc, 
CH3.CO.CgH5  with  hydrocyanic  acid,  and  treating  thenitrile 


/C<f        thus  formed   with  hydrochloric  acid.     It  is 

.h/    ^CN 
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CHg.  .OH 

CH3  OH 

therefore  a-pheny  I  lactic  acid  /C<f 

CeH/     ^COjH 

Cocaine,  C17H21NO4  is  found  in  coca- lea ves,and  is  employed 
in  surgery  for  producing  local  anaesthesia,  especially  in 
operations  on  the  eye. 

Antipyrine,  CiiH2iN20.  This  important  compound,  now 
so  largely  employed  as  a  medicine,  somewhat  resembles  the 
alkaloids,  and  derives  its  name  from  its  power  of  lowering 
the  temperature  of  the  animal  body.  It  is  obtained  by 
acting  with  phenylhydrazine,  C^Hg.NH.NHg  on  acetoacetic 
ether,  CH3.CO.CH2.CO2C2H5,  and  treating  the  product  with 
methyl  iodide.     It  has  the  constitution 

CHs.C=CH CO 

\  / 

CHa.N N.CeHfi. 


LESSON  XLII 
ALBUMINOUS  SUBSTANCES 

Under  this  head  we  class  a  number  of  peculiar  compounds 
of  very  complicated  constitution,  of  whose  true  chemical 
relations  we  are  yet  very  ignorant.  They  do  not  crystallize, 
and  exist  in  an  amorphous  jelly-like  form  :  hence  it  is  difficult 
to  obtain  them  in  the  pure  state,  and  it  is  therefore  almost 
impossible  to  ascertain  with  exactness  their  chemical  com- 
position, still  less  their  constitution.  They  all  contain  sulphur, 
in  addition  to  carbon,  hydrogen,  oxygen,  and  nitrogen,  and 
in  their  different  forms  possess  nearly,  although  by  no  means 
precisely,  the  same  composition. 

The  albuminous  substances  are  primarily  built  up  by 
plants,  from  the  very  simple  chemical  compounds  which 
constitute  their  food,  and  are  stored  up  in  larger  or  smaller 
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quantities  in  the  tissues  and  organs  of  the  plant,  some  of 
which,  such  as  the  seeds,  often  contain  them  abundantly. 

Even  in  the  same  plant  the  albuminous  substances  differ  in 
chemical  reactions,  in  chemical  composition,  and  in  physical 
characters. 

From  the  plant  exclusively  the  animal  derives  its  supplies 
of  the  albuminous  substances  which  constitute  by  far  the 
greater  part  of  the  solids  of  its  body.  Whatever  the  variety 
of  albuminous  substance  upon  which  it  feeds,  the  animal 
possesses  the  power  of  converting  it  into  the  special  albu- 
minous compounds  which  are  characteristic  of  its  various 
tissues  and  fluids.  Animals  which  are  vegetable  feeders 
obviously  derive  the  albuminous  substances  of  their  tissues 
directly  from  vegetables.  Carnivorous  animals  do  so  indi' 
redly,  for,  living  upon  the  bodies  of  the  vegetable  feeders, 
they  obtain  the  stores  of  albuminous  substances  which  these 
have  previously  derived  from  plants. 

Albumin,  properly  so  called,  exists  in  many  of  the  solids 
and  fluids  of  the  animal  body.  It  occurs  in  its  purest  form 
in  the  white  of  egg,  and  in  the  serous  or  liquid  portion  of  the 
blood.  It  may  be  obtained  from  white  of  egg,  by  beating 
it  up,  diluting  with  water,  and  filtering  the  solution  which  is 
thus  obtained  to  free  it  from  the  shreds  of  membrane  with 
which  it  is  mixed.  The  fluid,  which  is  slightly  alkaline,  may 
be  neutralised  with  acetic  acid  and  then  evaporated  at  a 
very  gentle  heat  An  amorphous,  yellowish,  transparent, 
gum-like  mass  is  thus  obtained,  which  is  soluble  in  cold 
water. 

One  of  the  most  characteristic  properties  of  a  solution  of 
albumin  is  its  power  of  coagulation.  If  a  solution  of  white 
of  tgg,  or  of  albumin  prepared  from  it,  be  heated  to  about 
70°,  it  becomes  solid  and  opaque  ;  in  this  state  it  is  insoluble 
in  water,  but  dissolves  in  dilute  alkalis.  Solutions  of  albumin 
are  also  precipitated  by  the  strong  mineral  acids,  specially  by 
nitric  acid,  and  by  solutions  of  various  metallic  salts,  as  for 
instance  corrosive  sublimate  and  lead  acetate. 

Alkaline  albuminates  are  formed  by  the  action  of  solutions 
of  the  alkalis  upon  the  various  albuminous  bodies.  They 
are  compounds  of  the  alkali-metal  used  with  albumin. 
Albuminate  of  potassium  is  readily  formed  by  beating  up 
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the  white  of  egg  and  then  adding  a  solution  of  caustic 
potash  drop  by  drop  to  the  fluid,  with  continual  stirring.  A 
very  viscid,  yellow,  transparent  mass  is  thus  formed,  which 
may  be  freed  from  excess  of  alkali  by  washing  with  water. 
The  alkaline  albuminates  are  all  soluble  in  water ;  their 
solutions  are  not  coagulated  by  heat,  and  when  neutralised  by 
the  addition  of  an  acid,  a  precipitate  of  insoluble  albumin  is 
thrown  down. 

Albumin  is  converted  by  the  action  of  dilute  acids  into  a 
body  called  syntom'n,  or  aczd  albumin.  All  the  albuminous 
bodies  appear  capable  of  furnishing  syntonin  ;  if  muscle,  for 
instance,  be  digested  for  a  day  or  two  in  dilute  hydrochloric 
acid,  it  swells  up  and  almost  completely  dissolves,  and  the 
solution  contains  syntonin.  Solutions  of  syntonin  are  not 
coagulated  by  heat.  When  neutralised  by  alkalis,  albumin 
is  thrown  down. 

Fibrin, — This  substance  does  not  exist  pre-formed  in  blood, 
but  separates  from  it  in  a  solid  state  almost  immediately 
after  it  has  left  the  body.  It  may  be  readily  obtained  by 
stirring  blood,  as  it  flows  from  the  vessels  of  a  living  animal, 
with  twigs.  After  some  minutes  a  white  stringy  substance  is 
found  adhering  to  the  twigs.  By  washing  with  water  this 
may  be  obtained  as  a  greyish-white  or  white,  stringy,  elastic 
solid.  Fibrin  is  tasteless,  insoluble  in  water,  and,  on 
drying,  forms  a  heavy  mass,  like  albumin. 

It  is  now  well  ascertained  that  fibrin  is  produced  from  the 
blood  by  the  interaction  of  two  albuminous  bodies,  which 
exist  in  solution  in  the  liquor  sanguinis ;  i.e.  in  the  fluid  in 
which  the  blood  corpuscles  float.  These  albuminous  sub- 
stances are  called  fibrinogen  and  fibrinoplastic  substance. 
The  immediate  cause  of  their  combination  to  form  fibrin 
appears  to  be  a  ferment  which  is  readily  formed  in  blood 
after  it  has  left  the  body,  and  which  is  called  the  fibrin- 
ferment.  When  blood  is  not  stirred  after  it  has  been  drawn 
from  the  body,  it  coagulates  in  a  period  which  varies  from 
one  to  several  minutes,  i.e.  it  becomes  converted  into  a  solid 
jelly.  After  some  hours  this  jelly  contracts  somewhat,  and 
an  almost  colourless,  sometimes  slightly  opalescent  fluid, 
separates  from  it.  The  jelly  is  called  the  clot^  the  fluid  the 
serum.    The  former  consists  of  fibrin  which  has  solidified 
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and  entangled  within  its  meshes  the  blood  corpuscles ;  the 
latter  is  the  liquor  sanguinis^  from  which  the  fibrin  generators, 
above  referred  to,  have  separated. 

Casein  is  the  albuminous  substance  contained  in  milk  and 
cheese.     It  is  now  recognized  to  be  an  alkaline  albuminate. 

In  milk,  the  casein  is  not  coagulated  by  boiling,  but  an 
acid,  or  a  portion  of  the  inner  coating  of  the  calf  s  stomach, 
called  rennet^  at  once  separates  out  the  casein  and  butter  as 
curds^  and  leaves  the  milk,  sugar,  and  salts  in  solution  as 
whey. 

Globulin  is  the  albuminous  constituent  of  the  crystalline 
lens  of  the  eye.  In  chemical  reactions  it  resembles  closely 
the  fibrin  generators,  fibrinogen  and  fibrinoplastic  substance. 
It  is  precipitated  from  its  solutions  by  carbonic  acid,  or 
by  the  addition  of  common  salt. 

Myosin  is  an  albuminous  body  which  exists  in  solution  in 
the  living  juice  of  muscle,  but  which  coagulates  at  death. 

Vegetables,  as  we  previously  remarked,  contain  substances 
similar  to  the  albuminous  bodies  of  animals,  and  from  which 
indeed  the  latter  are  all,  more  or  less  directly,  derived. 

Glutin  is  a  sticky,  elastic  substance,  which,  when  fresh  and 
moist,  can  be  drawn  out  into  threads  ;  it  is  a  mixture  of 
various  vegetable  albuminous  substances,  which  exist  with 
starch  in  wheaten  flour ;  the  principal  of  these  are  gliadin 
and  vegetable  fibrin.  Vegetable  albumin  and  casein  occur  in 
the  juices  and  seeds  of  plants. 

The  limits  of  the  variation  in  chemical  composition  of 
the  different  albuminous  compounds  is  found  to  be  as 
follows : 


Percentage  of  carbon    . 
,,  hydrogen 

„        .       nitrogen 
,,  sulphur  . 

„  oxygen  . 


527  to  54*5 
69  to    7*3 

15-4  to  16-5 
08  to    1*6 

20*9  to  23*5 


Hence  we  see  that  it  is  not  at  present  possible  to  represent 
these  complicated  compounds  by  any  chemical  formulae. 

Gelatin  is  a  nitrogenous  substance  obtained  from  the 
animal  body,  probably  somewhat  closely  connected  with  the 
albuminous  substances.     It  is  obtained  by  boiling  for  a  long 
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time  the  so-called  connective  tissues  of  the  body,  or  organs 
rich  in  connective  tissue,  as  the  tendons,  ligaments,  bones 
and  skin.  It  does  not  exist  pre-formed  in  the  tissues,  being 
only  obtained  from  them  by  the  prolonged  action  of  boiling 
water,  or  by  the  action  of  superheated  steam. 


Animal  Chemistry  is  a  most  important  branch  of  chemical 
science,  and  one  which  unfortunately  is  but  very  slightly 
advanced  :  our  knowledge  of  the  composition  and  chemicaJ 
constitution  of  the  substances  contained  in  the  animal  body 
is  very  incomplete,  and  concerning  many  of  the  chemical 
changes  which  occur  in  the  different  parts  of  the  animal  we 
are  almost  entirely  ignorant. 

The  Bones  of  animals  consist  principally  of  tribasic 
calcium  phosphate,  deposited  in  an  organic  basis  ;  the  latter 
is  composed  of  a  substance  which  on  prolonged  boiling 
yields  gelatin  ;  the  earthy  phosphate  dissolves  in  hydro- 
chloric acid,  leaving  the  bone  as  an  elastic  gelatinous  mass. 
When  burnt,  the  friable  and  earthy  matter  alone  remains. 
Bone  contains  : 

Animal  matter 33 

Calcium  triphosphate 57 

Calcium  carbonate 8 

Calcium  fluoride I 

Magnesium  phosphate I 

100 

The  Blood  of  animals  is  the  channel  by  means  of  which 
their  bodies  not  only  receive  all  the  requisite  supply  of 
materials  for  their  growth  and  for  the  repair  of  waste,  but  by 
means  of  which  they  are  able  to  get  rid  of  the  worn-out 
matters  which  need  immediate  removal.  In  vertebrate 
animals  the  blood  has  a  red  colour  and  a  temperature  above 
the  medium  in  which  the  animal  lives  ;  in  mammalia,  and 
especially  in  birds,  this  artificial  warmth  is  plainly  noticed. 
The  temperature  of  the  blood  is  singularly  constant  in 
different  animals  under  the  most  varying  conditions  of 
climate  ;  it  is  36°*9  (98"  F.)  in  man,  and  42°*8  (or  109°  F.)  in 
birds.    The  chief  peculiarity  of  blood  is  the  existence  in  it 
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of  very  small  round  or  oblong  discs,  differing  in  size  and 
shape  in  different  animals  (diameter  0*0075  mm.  in  man,  and 
four  times  as  large  in  frogs).  These  are  called  the  blood 
corpuscles  ;  they  float  in  a  colourless  liquid  ;  a  few  of  them 
are  white,  but  the  larger  proportion  are  of  a  red  colour ;  when 
the  fibrin  coagulates,  it  mechanically  carries  down  these 
globules  with  it. 

Healthy  human  blood  possesses  the  following  average 
composition,  and  its  specific  gravity  is  1*055  : 

Coagulum,r  Fibrin °3°li^*o 

or  Clot.    \CorpuscIes 1270/   ^ 

(Water 79'oo^ 
Fl^ratters;::.:::^Sk° 
Salts o*94J 

The  colour  of  the  blood  corpuscles  is  due  to  a  substance 
called  Hcemoglobin^  which  can  be  separated  from  the  blood 
of  most  animals  in  the  form  of  red  microscopic  crystals. 
This  substance  is  an  example  of  a  body  more  complicated 
than  albumin,  which  indeed  it  yields  as  a  product  of  decom- 
position when  subjected  to  the  action  of  acids.  Haemoglobin 
contains  the  constant  amount  of  0*42  per  cent,  of  iron.  When 
treated  with  even  very  dilute  acids  it  splits  up  into  albumin 
and  a  body  called  Hcematin^  which  was  formerly  considered 
to  be  the  true  colouring  matter  of  blood.  Haematin  contains 
about  7  per  cent,  of  iron. 

Haemoglobin  forms  a  loose  but  yet  true  chemical  combin- 
ation with  oxygen,  and  it  is  in  virtue  of  the  haemoglobin 
which  they  contain  that  the  blood  corpuscles  serve  as  the 
oxygen-carriers  of  the  body. 

In  all  warm-blooded  animals  two  kinds  of  blood  exist ;  red, 
or  arterial  blood,  contained  in  the  left  side  of  the  heart  and 
in  the  arteries,  and  purple,  or  venous  blood,  contained  in 
the  right  side  of  the  heart  and  in  the  veins.  Venous  blood 
is  blood  which  having  circulated  through  the  body  has 
parted  with  a  considerable  proportion  of  the  loosely-combined 
oxygen  of  its  haemoglobin,  and  which  is  charged  with  certain 
products  of  the  waste  of  the  tissues.  Arterial  blood  is  such 
as  having  circulated  through  the  lung  has  thus  got  rid  of  a 
considerable  proportion  of  the  carbonic  acid  gas  which 
it  had  acquired  in  its  circulation  through  the  system,  and 
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which  has  absorbed  rather  more  than  an  equal  volume  of 
oxygen  gas,  which,  combining  with  the  haemoglobin,  is 
carried  by  it  throughout  the  body  to  be  given  up  by  it  to 
oxidizable  substances. 

Oxygen,  carbonic  acid,  and  nitrogen  are  contained  in 
blood,  partly  in  a  state  of  loose  chemical  combination,  partly 
in  a  state  of  solution.  As  a  rule  the  first  of  them  is  present 
only  in  the  former  of  these  states  ;  the  second  exists  partly 
in  a  state  of  solution  and  partly  in  a  state  of  chemical  com- 
bination ;  the  third  appears  to  be  simply  dissolved.  Whilst 
the  oxygen  is  almost  entirely  present  in  the  corpuscles,  the 
carbonic  acid  and  hydrogen  are  constituents  of  the  liquor 
sanguinis.  The  carbonic  acid  of  the  blood,  which  is  not 
simply  dissolved,  appears  to  be  retained  in  great  part  by 
the  neutral  sodium  phosphate  (Na2HP04).  which  the  liquor 
sanguinis  contains.  By  boiling  the  blood  in  a  Torricellian 
vacuum,  not  only  are  the  gases  evolved  which  are  held  in  a 
state  of  simple  solution,  but  also  those  which  exist  in  loose 
chemical  combination,  in  the  corpuscles  or  in  the  liquor 
sanguinis^  a,  dissociation  of  the  compounds  occxirring  under 
these  circumstances. 

The  following  table  exhibits  the  quantity  and  composition 
of  the  gases  (measured  at  o°  and  under  the  pressure  of  i 
meter  of  mercury),  yielded  on  an  average  by  loo  volumes  of 
arterial  and  venous  blood  : 


loo  volumes  of  arterial 

xoo  volumes  of  venous 

blood  yield 

blood  yield 

o 

l6'9 

60 

COj 

300 

35*0 

N 

I  to  2 

I  to  2 

The  brain  contains  many  imperfectly  investigated  sub- 
stances, amongst  which  is  to  be  mentioned  one,  rich  in 
phosphorus,  called  Protagon,  which  appears  to  be  a  glu- 
coside  of  a  complicated  body  called  Lecithin  (see  p.  378). 
The  products  of  decomposition  of  the  latter  body  are  stearic 
acid,  glycerolphosphoric  acid,  and  an  ammonium  base  called 
Neurine. 

Amongst  the  other  most  important  animal  fluids  may 
be  mentioned  Gastric  Juice,  a  clear  liquid  secreted  by  the 
lining  membrane  of  the  stomach  ;  this  secretion  contains 
a  substance  called  Pepsin^  which   is  the  active  agent  in 
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effecting  the  digestion  and  solution  of  the  albuminous  parts 
of  the  food.  It  has  an  acid  reaction  due  to  the  presence 
of  free  lactic  and  hydrochloric  acids.  The  Bile^  a  liquid 
secreted  in  the  liver  and  poured  out  into  the  duodenum : 
this  substance  contains  several  peculiar  nitrogenized  acids, 
viz.  taurocholic  acid,  C26H45NSO7,  and  glycocholic  add, 
C26H43N  Og.  A  peculiar  substance  termed  Taurin,  CgH^NSOs, 
is  obtained  by  the  action  of  acids  on  bile  :  this  body,  which 
is  isomeric  with  the  compound  of  aldehyde-ammonia  and 
sulphur  dioxide,  can  be  prepared  artificially  by  heating 
ammonium  isethionate,  H4NC2H5SO4,  which  parts  with  H2O, 
and  forms  taurin. 

Milk. — The  composition  of  this  important  secretion  varies 
considerably  in  different  animals,  but  each  kind  contains 
all  the  materials  needed  for  the  formation  of  the  body  of  the 
young  animal ;  thus  it  contains  casein  (a  body  having 
nearly  the  same  composit^ion  as  flesh),  fats  (butter),  and 
milk-sugar,  together  with  those  inorganic  salts,  especially 
the  alkaline  chlorides  and  calcium  phosphates,  needed  for 
the  formation  of  bone.  The  following  g^ves  the  average 
composition  of  milk  of  different  animals  : 

Woman. 

Water 88*6 

Butter 2*6 

Milk- Sugar  and  Soluble  Salts  .    4*0 
Casein  and  Insoluble  Salts   .    .    3 '9 

The  specific  gravity  of  milk  varies  from  i  '03  to  i  "04. 

The  Urine, — It  is  in  the  urine  that  a  large  portion  of  the 
waste  nitrogenous  portions  of  the  body  pass  off  as  urea  and 
uric  acid.  The  urine  is  secreted  by  the  kidneys  from  the 
arterial  blood.  Healthy  urine  contains,  in  1,000  parts,  957 
parts  of  water,  14  of  urea,  i  of  uric  acid,  15  of  other  organic 
matter,  and  13  of  inorganic  salts. 

FUNCTIONS  OF  ANIMALS  AND  PLANTS 

The  general  characteristics  of  animal  and  vegetable  life 
may  be  stated  as  follows  :  the  animal  lives  upon  organized 
materials,  taking  up  oxygen  and  evolving  carbonic  acid  and 
other  oxidized  products  ;  the  plant  lives  upon  unorganized 
materials,  especially  carbonic  acid,  water,  ammonia,  and 

G  G 


Cow. 

Goat. 

Ass. 

Bitch. 

87-4 

820 

90-5 

66-3 

40 

45 

1*4 

14*8 

50 

4*5 

6-4 

29 

3-6 

9'o 

17 

16  "O 
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salts,  organizing  them  and  evolving  oxygen.  The  chemical 
function  of  the  animal  is  oxidation,  that  of  the  plant 
reduction.  The  food  of  the  plant  serves  merely  to  increase  its 
bulk :  that  of  the  animal  is  employed  (after  it  has  attained 
its  full  growth)  to  replace  the  material  worn  out  by  all  the 
active  operations  of  life.  The  animal  obtains  the  energy 
necessary  for  its  existence  from  the  oxidation  of  its  own 
body  ;  the  plant  obtains  the  energy  necessary  for  the  organi- 
zation of  its  food  directly  from  the  sun. 

Respiration  and  Animal  Heat. — The  process  of  respiration, 
essential  to  the  life  of  all  animals,  consists  in  the  aerating  of 
the  blood,  circulating  through  the  lungs  or  similar  apparatus, 
by  means  of  the  oxygen  of  the  air.  The  blood  does  not 
come  into  actual  contact  with  the  air,  but  is  separated  by  a 
large  surface  of  very  thin  membrane,  through  which  the 
exchange  of  gases  takes  place  by  solution  and  diffusion. 
Not  only  does  the  blood  gain  in  oxygen  (see  Blood,  p.  446), 
but  it  loses  the  products  of  combustion  with  which  it  is 
charged,  and  is  thus  rendered  fit  again  to  circulate  and  carry 
away  used-up  material.  The  volume  of  air  thrown  out  of  the 
human  lungs  at  each  ordinary  expiration  amounts  to  from 
350  to  700  cubic  centimeters  :  this,  however,  by  no  means 
empties  the  lungs,  whose  capacity  is  much  greater  :  the 
number  of  respirations  amounts  to  about  fifteen  in  each 
minute.  The  expired  air  differs  remarkably  from  the  inspired 
air,  as  it  contains  from  3  to  6  per  cent,  of  carbonic  acid,  and 
will  not  support  the  combustion  of  a  candle. 

Under  different  circumstances  of  health  or  disease,  activity 
or  repose,  sleeping  or  waking,  after  a  meal  or  fasting, 
according  to  the  temperature,  pressure  of  the  air,  and 
other  varying  causes,  the  quantity  of  exhaled  carbonic 
acid  varies  considerably.  The  determination  of  the  quantity 
of  carbonic  acid  exhaled  by  an  animal  under  the  above  cir- 
cumstances is  a  subject  of  the  highest  importance,  but  one 
which  is  surrounded  by  numerous  experimental  difficulties. 

We  may  assume,  as  the  result  of  the  best  experiments, 
that  a  man  gives  off  19*8  liters  of  carbonic  acid  (at  0°  and 
760  mm.)  each  hour  ;  this  amounts  to  about  40  grams  of  car- 
bonic acid,  or  io'6  grams  of  carbon,  per  hour  :  the  heat 
which  is  always  evolved  by  the  combustion  of  this  carbon 
goes  to  keep  up  the  temperature  of  the  body.     It  is  difficult 
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to  determine  with  accuracy  how  far  the  whole  of  the  animal 
heat  can  be  accounted  for  by  the  combustion  of  this  carbon, 
as  the  chemical  changes  which  go  on  in  the  body  are  of  a 
very  complicated  nature,  and  as  yet  little  understood.  Con- 
sidering, however,  the  subject  in  a  general  point  of  view, 
there  cannot  be  much  doubt  that  the  whole  of  the  animal 
heat  is  derived  from  the  combustion  of  the  materials  of  the 
body :  thus  we  find  that  in  birds,  whose  temperature  is 
higher  than  that  of  mammalia,  the  quantity  of  carbonic  acid 
evolved  is  more  than  half  as  much  again  as  in  larger  animals ; 
whilst  in  cold  climates,  where  the  loss  of  animal  heat  is 
great,  men  find  it  necessary  to  eat  enormous  quantities 
of  fat,  this  doubtless  serving  to  maintain  the  temperature  of 
the  body. 

The  effect  of  starvation  on  the  quantities  of  carbonic  acid 
and  urea  excreted,  taken  as  representing  the  rate  of  change 
going  on  in  the  body,  is  very  remarkable  :  in  a  dog,  the 
quantity  of  carbonic  acid  was  reduced  by  fasting  for  ten 
days  to  one-third,  and  the  urea  to  one  twenty-second  part 
of  the  amount  given  off  on  full  diet ;  whereas  in  a  man 
the  carbonic  acid  was  nearly  reduced  to  one-third  by  starva- 
tion. An  interesting  fact  has  been  observed,  viz.,  that 
hydrogen  and  marsh  gas  are  evolved  in  small  quantities 
from  the  skin  and  lungs  under  certain  conditions. 

This  subject  is  quite  in  its  infancy,  and  demands  careful 
experimental  investigation,  as  it  is  by  such  patient  research 
alone  that  we  can  hope  to  form  any  real  estimate  of  the 
income  and  expenditure  of  the  body.  The  special  study 
of  the  chemistry  of  the  body  has  been  made  a  separate 
branch  of  science,  termed  Physiological  Chemistry, 

FOOD  OF  PLANTS 

Animals,  as  we  have  seen,  are  unable  to  produce  the  com- 
plicated chemical  compounds  which  they  need  for  their 
structure  ;  plants  are,  however,  able  to  do  this,  and  from  the 
elementary  constituents  to  build  up  their  various  parts. 
This  function  of  plants  is  entirely  dependent  upon  the  sun- 
light ;  without  sunlight  the  green  colouring  matter  of  the 
leaves  of  plants  cannot  decompose  the  atmospheric  carbonic 
acid,  and  therefore,  without  sunlight  the  plant  cannot  grow. 

G  G  2 
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In  order  to  separate  the  atoms  of  carbon  and  oxygen,  an  ex- 
penditure of  force  is  necessary  ;  this  force  is  derived  from 
the  rapidly  vibrating  solar  rays:  it  is  they  which  tear 
asunder  the  carbon  and  oxygen  atoms,  and  thus  enable  the 
leaves  to  take  up  and  assimilate  the  carbon,  throwing  out 
the  oxygen  into  the  air  for  the  subsequent  use  of  animals. 
When  vegetable  matter  is  ignited,  it  burns  to  carbonic 
acid,  and  generates  exactly  the  same  amount  of  energy 
as  was  originally  needed  in  the  form  of  vibrations  of 
light  to  decompose  the  atmospheric  carbonic  acid. 
Hence,  when  coal  bums,  the  light  and  heat  evolved 
may  truly  be  said  to  be  that  of  the  sun  ;  and,  as  animals 
depend  for  their  existence  upon  vegetables,  and  these  in 
their  turn  cannot  live  without  the  solar  radiations,  animals 
may  with  truth  be  called  children  of  the  sun. 

The  bodies  of  plants  may  be  considered  to  be  composed 
of  two  kinds  of  substances  :  organic^  such  as  starch,  vege- 
table fibre,  &c. ;  and  inorganic  salts,  constituting  the  ash  of 
the  plant.  The  plant  obtains  the  carbon  needed  for  the  first 
of  these  materials,  mainly  from  the  atmosphere  ;  the  nitrogen, 
hydrogen,  and  oxygen,  which  the  organic  substances  con- 
tain, the  plant  takes  up  both  by  its  leaves  and  by  its  roots  y 
whilst  the  whole  of  the  inorganic  salts  are  absorbed  from  the 
earth  by  the  roots,  which  act  as  the  mouth  of  the  plant, 
whilst  the  leaves  may  be  compared  to  the  lungs  of  animals. 
Every  plant  has  in  the  atmosphere  an  unlimited  supply  of 
carbon  and  water  }  but  for  the  supply  of  inorganic  materials 
the  plant  is  dependent  upon  the  nature  of  the  particular  soil 
in  which  it  grows,  and  hence  the  value  of  artificially  supply- 
ing these  constituents  when  the  soil  becomes  impoverished. 
Plants  possess  the  peculiar  power  of  selection,  by  the  roote, 
of  the  mineral  constituents  of  food,  as  well  as  the  subsequ&t 
chemical  elaboration  of  the  materials.  Of  the  causes  of  the 
changes  which  thus  go  on  we  know  nothing :  thus,  we 
cannot  explain  why  an  acorn  turns  out  always  to  be  an  oak, 
or  why  of  two  seeds  sown  in  the  same  soil,  and  exposed 
to  the  same  sunlight  and  air,  one  evolves  a  poisonous  and 
the  other  a  wholesome  plant. 

Concerning  the  growth  of  plants  a  large  amount  of 
information  has  been  amassed,  but  we  are  far  from 
possessing  even  an  approach  to  a  knowledge  of  the  laws  of 
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this  important  subject.  For  an  account  of  the  interesting 
facts  which  have  been  ascertained  respecting  the  questions 
of  manuring,  fertility  of  the  soil,  &c.,  we  must  refer  the 
reader  to  books  on  the  branch  science  of  Agricultural 
Chemistry, 


LESSON  XLIII 

SYNTHETICAL  PRODUCTION  OF  ORGANIC  COMPOUNDS 

The  chief  constituents  of  animal  and  vegetable  bodies 
consist  of  carbon  compounds ;  most  of  them  contain  in 
addition  to  this  element  hydrogen  and  oxygen,  and  often 
also  nitrogen.  These  are  all  formed  from  carbonic  acid, 
water,  and  nitrogen  or  ammonia,  but  the  manner  in  which 
this  combination  takes  place  is  at  present  quite  unknown  to 
us.  For  a  long  time  it  was  believed  that  compounds  oc- 
curring in  vegetable  or  animal  bodies  could  not  be  prepared 
artifically,  "  vital  force  "  being  necessary  for  their  production. 
In  the  year  1828,  however,  Wohler  showed  that  ammonium 
cyanate,  a  substance  obtained  from  inorganic  sources,  is 
converted  on  heating  into  urea,  which  had  hitherto  only 
been  obtained  from  animal  organisms  (p.  308).  From  that 
time  the  belief  in  the  so-called  "vital  force"  gradually 
disappeared,  as  numbers  of  other  animal  and  vegetable 
products  were  soon  prepared  artificially.  Not  only  so,  but  a 
l^ge  number  of  other  allied  compounds  which  do  not 
occur  in  nature,  were  obtained  by  synthesis,  and  now,  as  has 
already  been  stated,  the  number  of  carbon  compounds 
known  far  exceeds  that  of  all  the  others  put  together. 

Many  of  the  synthetical  productions  of  carbon  com- 
pounds have  been  mentioned  in  the  previous  pages  ;  the 
synthesis  of  the  more  important  naturally  occurring  com- 
pounds, as  well  as  the  general  synthesis  of  certaiQ  classes 
of  organic  compounds,  and  known  as  the  aceto-acetic  and 
malonic  synthesis,  may  be  shortly  summarized  here. 

One  of  the  simplest  naturally  occurring  organic  compounds 
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is  formic  acid^  (p.  335)  which  occurs  in  ants  and  stinging 
nettles.  It  may  be  artificially  prepared  by  bringing  moist 
carbon  dioxide  and  potassium  together : 

2COa  +  HjO  +  Ka  =  KHCO,  +  KCHO,, 

or  by  heating  carbonic  oxide  with  strong  caustic  potash  : 

CO  +  KOH  =  KCHOj. 

From  the  potassium  salt  the  free  acid  may  be  obtained  by 
the  action  of  dilute  mineral  acids. 

When  carbon  dioxide  is  passed  over  heated  potassium  it 
yields  the  potassium  salt  of  oxalic  acid,  a  compound  widely 
distributed  in  the  animal  and  vegetable  kingdom  (p.  365). 

2COa  +  Ka  =  KaCa04. 

When  a  mixture  of  carbon  disulphide  and  sulphuretted 
hydrogen  is  passed  over  red  hot  copper,  methane  or  marsh- 
gas  is  formed : 

CSa  +  2HjS  +  8Cu  =  CH4  +  4CuaS. 

This  compound,  as  already  mentioned,  is  the  simplest 
organic  compound ;  by  suitable  reactions  we  can  however 
convert  it  into  more  complicated  substances.  Thus  by  the 
action  of  chlorine,  an  atom  of  hydrogen  is  replaced  by  the 
latter  element  forming  the  compound  CH3CI,  which  on 
heating  with  zinc  yields  ethane,  C2Hg,  or  CHj.CHg,  in  which 
two  carbon  atoms  are  united  together.  If  we  replace 
another  atom  of  hydrogen  in  ethane  by  methyl  or  ethyl,  we 
get  propane,  CgHg  or  butane  C4H10,  and  are  thus  enabled  to 
prepare  the  series  of  paraffin  hydrocarbons  and  obtain  from 
them  their  numerous  derivatives,  many  of  which,  e,g,  the 
fatty  acids,  occur  in  nature. 

When  the  above  mentioned  methyl  chloride  is  treated 
with  potassium  cyanide  it  yields  methyl  cyanide  or  acetoni- 
trile  CH3CN,  which  on  boiling  with  acids  or  alkalis  yields 
acetic  acid,  CH3.COOH.  If  the  calcium  salt  of  acetic  acid 
be  heated  with  calcium  formate  it  yields  aldehyde : 

CH3  H  CH3 

I  +1  =1  +  CO2  +   H2O. 

CO.OH         CO.OH         CHO 
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The  latter  on  reduction  yields  common  alcohol,  C2H5.OH, 
which  in  turn  may  be  converted  into  ethyl  cyanide  or  pro- 
pionitrile,  C2H5CN,  and  propionic  acid,  C2H5.COOH,  and 
so  on  up  the  series  of  alcohols  and  fatty  acids. 

A  much  more  important  synthesis  of  the  fatty  acids  is 
that  known  as  the  aceto-acetic  synthesis.  By  the  action  of 
sodium  on  ethyl  acetate  it  is  converted  into  ethyl  sodaceto- 
acetate,  CH3.CO.CHNa.C02C2H5,  which,  when  treated  with 
dilute  acids  yields  ethyl  aceto-acetate  or  aceto-acetic  ether, 
CH3.CO.CH2.CO2C2H5.  If  the  former  be  treated  with  an 
alcoholic  iodide  or  bromide  the  following  reaction  takes 
place  : 

CH3  CHg 

CO  CO 

I  I 

CHNa  +  CH3I  =  CHXHa  +  Na. 


CO2C2H5  C02CgH5 

By  the  further  action  of  sodium  on  this  compound  the 
second  hydrogen  atom  in  the  methylene  group  may  be  re- 
placed by  sodium,  and  the  latter  again  by  a  methyl  or  other 
alcohol  radical,  e.g,  ethyl. 

CH..  CHo 

I  I 

CO  CO 


I       CH 

CNa.CH,  +  CjHjI  =    c/      '   +  Nal. 
COgCjHg  COjCjHg 

It  will  thus  be  seen  that  in  ethyl  aceto-acetate  we  can  replace 
one  or  both  of  the  hydrogen  atoms  by  the  same  or  different 
alcohol  radicals,  the  compounds  formed  have  the  general 
formula  : 

CH3 

I 
CO 

I 
CXY 

I 
COgCgHg 

when  X  and  Y  are  either  hydrogen  or  an  alcohol  radical. 
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If  these  compounds  be  heated  with  strong  alcoholic  potash 
the  following  reaction  takes  place  : . 

CH, 

I 
CO 

I  CH,  CHXY 

CXY         +  2HOH  =1  +1  +  CjHsOH. 

I  COOK         COjK 

CO2C2H5 

By  introducing  different  alcohol  radicals  into  ethyl  aceto- 
acetate  and  acting  on  the  product  with  alcoholic  potash  we 
can  therefore  obtain  a  large  number  of  fatty  acids  of  different 
constitution. 

If  the  above  compound  CH3.CO.CXY.CO2C2H6  be  heated 
with  a  milder  alkali  such  as  baryta,  a  different  reaction 
takes  place  : 

CH3 

I  CH, 

CO  I 

I  CO        +  C2H5OH  +  BaCO,. 

CXY        +  Ba(OH),  =    | 

I  CHXY 

CO2C2H5 

This,  therefore,  also  forms  a  ready  method  of  obtaining 
ketones  by  synthesis. 

The  aceto-acetic  synthesis  may  also  be  varied  in  other 
ways,  of  which  the  following  is  an  example  :  when  ethyl 
sodaceto-acetate  is  treated  with  ethyl  chloracetate,  the  follow- 
ing reaction  takes  place  : 

CH«  CHo 

I  I 

CO  CO 

I  I 

CHNa       +  CI.CH2.CO2C2H5  =    CH.CH2.CO2C2H5  +  NaCl. 


CO2C2H5  CO2C2H5 

The  compound  formed  is  decomposed  by  caustic  potash  as 
follows,  forming  acetic  acid,  alcohol,  and  succinic  acid 
(p.  367).  ? 


XLiii  ORGANIC  SYNTHESIS  457 

CH3 

I 
CO 


Cri3  Cri2'C02K, 

CH.CH2.C02C2H5  +  3KOH=  |  +  |  +2C2H5OH. 

I  COjK       CH2.C0aK 

CO2CJH5 

Another  important  method  of  obtaining  fatty  acids  is  the 
malonic  synthesis^  which  is  very  similar  to  the  foregoing. 
It  is  carried  out  by  replacing  one  or  both  of  the  hydrogen 
atoms  in  the  methylene  group  of  ethyl  malonate,  CO2C2H5. 
CH2.CO2C2H5,  by  alcoholic  radicals,  and  boiling  the  com- 
pound formed  with  alcoholic  potash : 

CO2C2H5  COoK 

I  I 

CXY        +  2KOH  =   CXY  +  2C2H6OH. 

CO2C2H6  CO2K 

The  free  dicarboxylic  acid  is  obtained  by  the  action  of 
acids,  and  on  distillation  loses  carbon  dioxide  forming  the 
corresponding  fatty  acid ; 

CO2H 

CXY  CHXY 

I  =1  +  CO2. 

CO2H         CO2H 

Acetic  acid  may  also  be  converted  by  a  series  of  reactions 
into  glycerol ;  thus  calcium  acetate  on  heating  yields  acetone 
{fZW^iflOy  which  on  reduction  yields  isopropyl  alcohol 
(CH3)2CH.OH ;  from  the  latter  isopropyl  iodide  (CH3)2CHI 
may  be  prepared,  which  is  converted  by  chloride  of  iodine 
into  propenyl  chloride,  CH2CI.CHCI.CH2CI.  This  com- 
pound on  heating  with  water  under  pressure  yields  glycerol. 
CH2(OH).CH(OH).CH2.0H,  and  glycerol  on  further  heating 
with  fatty  acids  yields  the  naturally  occurring  fats. 

When  glycerol  is  suitably  oxidized  it  first  yields  glyceric 
aldehyde,  which  then  polymerizes  forming  members  of  the 
sugar  group,  the  chief  produce  being  acrose  or  inactive 
fructose  (p.    386). 

If  a  strong  electric  current  be  passed  between  carbon 
poles  in  an  atmosphere  of  hydrogen,  the  carbon  and  hydrogen 
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combine  to  form  acetyiene,  C2H2,  which  is  converted  by 
nascent  hydrogen  into  ethylene^  C2H4.  This  combines 
directly  with  bromine  forming  ethylene  bromide,  C2H4Br2, 
the  bromine  atoms  in  which  may  be  readily  replaced  by  CN 

CH2.CN 
forming  ethylene  cyanide,  |  ;  the  latter  is  converted 

CH2.CN 

CH2.COOH 
by  acids  into  succinic  acid,  |  .    Bromine  acts  on 

CH2COOH 
succinic  acid  forming  a  mono- and  a  dibromo-derivative, which 
are  converted  by  moist  silver  oxide  into  malic  and  tartaric 
acid  respectively 

CHBr.COjH  CH(0H).C02H 

2  I  +  AggO  +  HjO  =    2  I  +  2AgBr. 

Crig^CO^ri  Cri^^COjri 

CHBr.COaH  CH(0H).C02H 

I  +  AgaO  +  HjO  =       I  +  2AgBr. 

CHBr.COjH  CH(0H).C02H 

When  glycerol  is  treated  with  hydrochloric  acid,  it  yields 
dichlorhydrin,  CH2C1.CH(0H).CH2C1,  which,  on  oxidation, 
yields  dichloracetone,  CH2CI.CO.CH2CI ;  this  combines  with 

CH2CI 
I  /OH 
HCN  forming  the  compound  C<^  which  yields  the  cor- 

I  ^CN 
CHgCl 
CH2CI 
I    /OH 
responding  acid  C  <;  on  treatment  with  acids.     By 

I  VOOH 
CH2CI 
the  action  of  the  potassium  cyanide  the  two  chlorine  atoms 
may  be  replaced  by  cyanogen  and  the  resulting  compound 
CH2CN  CH2.COOH 

I  /OH  I      OH 

C<^  on   treatment   with   acids   yields     Cc^  , 

I  VOOH  '  I  ^COOH 

CH2.CN  CH.2COOH 

which  is  the  well-known  natural  product  citric  acid. 

Another  important  synthesis  of  a  naturally  occurring 
product  is  that  of  uric  acid.     This  is  obtained  in  the  following 
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manner :  urea  combines  with  ethyl  aceto-acetate  forming 

CH3.C.NH.CO.NH2 
ethyl uramidocrotonate^         \\  ,    which    readily 

CH.CO2C2H5 

CH3.C.NH.CO 
loses  alcohol,  forming  w^M^/«r««7,         ||  |    .    Nitric 

CH.CO.NH 

acid  converts    the    latter    into    nitrouracilcarboxylic  acid^ 
COOH.CNH.CO 

II  I     ,   which   readily  loses   CO2  passing  into 

NO2.C.CO.NH 

HC.NH.CO 
nitrouracil         ||  |    . 

NO2C.CO.NH 
On  reduction  the  latter  yields  a  mixture   of  amido-uracil 

HC.NH.CO 
and  oxyuracil      ||  |      ,  which  on  oxidation  with  bromine 

HO.C.CO.NH 

HO.HC.NH.CO 
HO. 


water    yields  the  compound         \c.CO.NH.     If  this   be 

HO^ 
heated  with  urea  and  sulphuric  acid  on  the  water  bath,  the 
following  reaction  takes  place : 


CO 


/NHa        HO.HC— NH.CO  .NH.C.NH.CO 

<  +  HO.     I  I     =C0<         II  I    +  3H,0. 

^NH,  >C— CO.NH  \NH.C.CO.NH 

HO/ 


uric  acid  being  formed. 

If  acetylene  is  passed  through  a  tube  heated  almost  to 
redness  it  is  converted  into  benzene. 

3C5HJ  =  C(jHg. 

As  all  aromatic  substances  contain  the  benzene  nucleus  and 
may  be  derived  from  this  hydrocarbon  by  replacing  its 
hydrogen  by  other  elements  or  radicals,  we  can  also  prepare 
these  compounds  synthetically  in  the  laboratory.  Thus 
benzene  by  the  action  of  bromine  yields  bromobenzene, 
CeHgBr,  which  on  heating  with  methyl  iodide  and  sodium 
yields  toluene. 

CcHjBr  +  CHjjI  +  2Na  =  CfiHg-CHj  +  NaBr  +  Nal. 


1 
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Many  other  hydrocarbons  may  be  prepared  in  a  similar 
manner.  If  bromobenzene  be  treated  with  sodium  and 
carbon  dioxide  it  yields  benzoic  acid,  which  was  originally 
obtained  from  gum  benzoin  : 

CeHjEr  +  Noj  -f  COj  =  CcH5.CO,Na  +  NaBr. 

If  the  amide  of  this  acid  be  heated  with  chloracetic  acid  we 
get  hippuric  acid^  which  is  contained  in  the  urine  of  grami- 
nivorous animals : 

C8H5.CO.NHa+CHjCl.COjH  =  CeU6.CO.NH.CH2.COaH  +  HCl. 

Benzene  may  be  readily  converted  into  phenol  (p.  400), 
and  the  sodium  compound  of  the  latter  when  treated  with 
carbon  dioxide  yields  the  sodium  salt  of  salicylic  acid. 

CO3  +  aCfiHgONa  =  CeH4(ONa)C02Na  +  CgHgOH. 

This  acid  occurs  in  the  flowers  of  Spiraea  ulmaria^  and  its 
methyl  ether  is  the  winter  green  oil  obtained  from  Gaultheria 
procumbens.  Salicylic  acid  may  be  converted  into  di-iodo- 
salicylic  acid,  and  this  on  fusion  with  potash  yields  the  gallic 
acid  found  in  gall-nuts 

CeH2l2(OH).C02H  +  3KOH  =  CeHj(OH)s.C08K  +  2KI  +  H20. 

Cinnamic  acid,  which  occurs  in  Styrax,  Peru  balsam,  &c., 
may  be  readily  obtained  artificially  by  heating  benzaldehyde 
with  sodium  acetate  and  a  dehydrating  agent  such  as  acetic 
anhydride  : 

CgHs-CHO  +  CHaXOgNa  =  C6H5.CH  =  CH.C02Na  +  HgO. 

In  addition  to  these  the  syntheses  of  the  important  colour- 
ing matters,  indigo  and  alizarin  have  already  been  described 
(pp.  423, 427),  as  has  also  that  of  the  alkaloid  coniine  (p.  436). 
That  of  the  other  more  important  alkaloids  such  as  quinine, 
morphine,  &c.,  is  only  a  question  of  time.  It  may  indeed  be 
now  said  that  any  organic  compound,  so  long  as  it  does  not 
possess  an  organized  structure,  may  be  synthesized  as  soon 
as  its  constitution  is  accurately  known. 
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QUESTIONS  AND  EXERCISES  UPON  THE 
FOREGOING  LESSONS. 

In  order  to  enable  the  pupil  to  master  the  principles  of  the 
science,  he  must  conscientiously  write  out  answers  to  the 
Questions,  and  work  out  the  Exercises  given  in  illustration 
of  each  Lesson.  In  actual  teaching  it  will  be  found  necessary 
to  supplement  the  Questions  given  below  by  many  others  of 
a  like  character. 

Lesson  I.    Introduction. 

1.  Define  the  objects  of  the  science  of  chemistry.  With 
what  other  sciences  does  it  stand  in  near  relation  "> 

2.  When  a  candle  bums  there  is  apparently  a  loss  of 
material.  Is  this  really  the  case  ?  Explain  your  conclusion 
fully. 

3.  Do  you  consider  that  this  one  experiment  entitles  one 
to  state  as  a  general  law  that  matter  is  indestructible  ?  What 
other  experiments  support  the  law  1 

4.  What  means  would  you  propose  to  employ  for  the  sake 
of  determining  whether  a  given  body  were  elementary  or 
compound  ? 

5.  What  are  the  essential  requisites  in  a  chemical  balance  ? 

6.  Name  ten  of  the  commonest  elements.  Is  it  likely 
that  we  are  acquainted  with  all  the  elements  existing  on  the 
earth? 

Lesson  II.     Oxygen  and  Hydrogen, 

1.  How  did  Priestley  first  prepare  oxygen,  and  why  was 
this  name  given  to  it  by  Lavoisier  ? 

2.  Describe  in  detail  the  process  generally  adopted  for 
obtaining  and  colic   ting  the  gas. 

3.  I  want  ten  grams  of  oxygen  ;  how  many  grams  of  KCIO3 
must  I  take? 

4.  What  is  meant  by  the  combining  weights  of  the 
elements  ?    Give  examples. 

5.  How  can  ozone  be  obtained  ?  How  does  it  differ  from 
ordinary  oxygen  ? 

6.  How  can  hydrogen  be  obtained  from  water?  What 
happens  when  hydrogen  is  burnt  in  air  ? 


464  ELEMENTARY  CHEMISTRY 

7.  64*9  parts  by  weight  of  zinc  in  decomposing  sulphuric 
acid  set  free  2  parts  by  weight  of  hydrogen.  How  much  zinc 
must  be  employed  to  obtain  10  grams  of  hydrogen? 

8.  How  would  you  show  in  a  striking  manner  the  extreme 
lightness  of  hydrogen  ?  A  liter  of  hydrogen  weighs  0*0896 
grams  ;  how  much  does  a  liter  of  oxygen  weigh  ? 

Lesson  IIL    Physical  Properties  of  Gases^  &*c, 

[It  will  generally  be  found  necessary  to  divide  this  into 
several  lessons,  and  to  familiarise  the  pupil  with  the  subject 
by  a  much  larger  number  of  exercises  than  those  here  given.] 

1.  A  gram  is  the  weight  of  a  cubic  centimeter  of  water  at 
4°  Centigrade,  a  meter  is  39*37  English  inches  ;  what  is  the 
volume  occupied  by  a  kilogram  of  water  and  the  number  of 
millimeters  in  an  English  inch  ? 

2.  How  is  a  Centigrade  thermometer  g^duated  ? 

How  many  degrees  C.  and  R.  correspond  to  +    43°  and  —   22*  F.  ? 
,,  C.  and  F.  „  4-  327°  and  —     2°  R.? 

„  F.  and  R.  „  +    78°  and  —  172°  C.  ? 

3.  What  alterations  in  volume  do  gases  undergo  when 
exposed  {a)  to  heat,  (^)  to  pressure  ? 

4.  A  vessel  surrounded  by  melting  ice  contains  273  cc.  of 
a  perfect  gas ;  what  volume  will  this  gas  occupy  if  free  to 
expand  when  the  vessel  is  surrounded  by  steam  at  100°  C. } 

5.  When  the  barometer  stands  at  735  mm.  the  volume  of 
gas  in  a  certain  vessel  is  exactly  a  liter,  what  is  the  volume 
when  the  barometer  is  at  770  mm.  assuming  the  temperature 
to  have  remained  constant  1 

6.  What  volume  will  1,000  cc.  of  oxygen  at  0°  and  760 
mm.  become  at  a  temperature  of  16  5°,  and  under  a  pressure 
of  735  mm. .? 

7.  Two  grams  of  hydrogen  occupy  at  0°  and  760  mm. 
pressure  22*4  liters.  How  many  grams  will  22*4  liters  of 
oxygen  weigh  under  the  same  conditions  .'* 

8.  Find  the  volume  of  oxygen  yielded  by  heating  13*5 
grams  of  HgO  (Hg  =  200,  O  =  16). 

9.  What  is  the  weight  in  grams  of  516  liters  of  hydrogen 
gas  measued  at  20°  —  and  under  770  mm.  pressure  1 

10.  What  is  the  weight  of  10  liters  of  oxygen,  of  chlorine, 
and  of  nitrogen  at  0°  C.  and  760  mm.  pressure  } 

1 1.  A  bottle  containing  hydrogen  and  one  containing  CO2 
and  closed  with  stucco,  are  left  standing  in  the  air ;  what 
will  happen  ? 
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12.    What  means  are  used  to  liquefy  gases  ?    What  gases 
are  the  most  difficult  to  liquefy  ? 


Lesson  IV.     WcUer  and  Peroxide  of  Hydrogen, 

1.  How  did  Cavendish  determine  the  composition  of 
water  ? 

2.  Describe  the  most  exact  methods  of  determining  the 
composition  of  water  (i)  by  volume,  (2)  by  weight 

3.  What  is  meant  by  the  latent  heat  of  water  ?  How  is 
this  determined?  How  is  the  latent  heat  of  steam  deter- 
mined? 

4.  How  can  you  show  that  when  a  liquid  solidifies  heat  is 
given  out  ? 

5.  Describe  the  changes  in  bulk  which  water  undergoes 
when  heated  from  0°  to  100°. 

6.  When  does  water  boil  ? 

7.  Explain  with  a  drawing  Carry's  apparatus  for  freezing 
water  by  its  own  evaporation. 

8.  Define  the  term  "  thermal  unit." 

9.  How  is  the  tension  of  aqueous  vapour  measured  ? 

10.  Why  must  the  barometric  pressure  be  noticed  when 
graduating  a  thermometer  ? 

11.  What  is  the  weight  in  grams  of  22*4  liters  of  steam  at 
100°  and  760  mm.  of  mercury  ? 

12.  How  is  H2O2  prepared,  and  what  are  its  properties  ? 


Lesson  V.    Nitrogen  and  the  Atmosphere, 

1 .  How  would  you  deprive  the  air  in  a  vessel  of  its  oxygen  ? 
What  change  in  properties  would  be  observed  in  air  so 
treated  ? 

2.  What  reason  have  we  for  believing  that  the  air  is  a 
mechanical  mixture,  and  not  a  chemical  combination  of 
nitrogen  and  oxygen  ? 

3.  Describe  the  mode  of  making  a  eudiometric  analysis 
of  the  air. 

4.  How  may  we  determine  the  composition  of  the  air  by 
weight  as  regards  nitrogen  and  oxygen  ? 

5.  Draw  and  describe  an  apparatus  for  estimating  the 
quantity  of  carbonic  acid  gas  contained  in  the  air. 

H  H 
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6.  How  is  the  composition  of  air  affected  by  {a)  animal 
life,  {b)  vegetable  life,  {c)  combustion  ? 

7.  Is  the  quantity  of  moisture  required  to  saturate  a  given 
volume  of  air  always  the  same  ? 

8.  How  would  you  estimate  the  weight  of  moisture  in  a 
g^ven  volume  of  air  ? 

9.  Name  other  constituents  of  the  atmosphere. 

10.  The  density  of  air  is  14*435  times  that  of  hydrogen  ; 
what  weight  of  air  at  0°  C.  and  760  mm.  is  contained  in  a 
room  5  meters  long,  4  wide,  and  3  high  ? 


Lesson  VI.    Nitric  Acid  and  Oxides  of  Nitrogen, 

1.  Give  the  composition  by  weight  of  the  five  oxides  of 
nitrogen. 

2.  Explain  what  is  meant  by  chemical  combination  in 
multiple  proportions. 

3.  State  the  principles  of  Dalton's  atomic  theory. 

4.  What  relation  exists  between  the  densities  of  elements 
in  the  gaseous  state  and  their  atomic  weights  } 

5.  State  the  law  respecting  the  density  of  compound 
gases ;  give  the  densities  of  steam,  ammonia,  and  carbon 
dioxide. 

6.  Calculate  the  weight  of  one  liter  of  hydrochloric  acid 
gas  at  0°  and  760  mm. 

7.  What  happens  when  electric  sparks  are  passed  through 
the  air  ? 

8.  Write  out  in  symbols  the  decomposition  occurring  in  the 
preparation  of  nitric  acid,  and  explain  the  meaning  of  these 
symbols. 

9.  I  want  500  grams  of  pure  nitric  acid  ;  how  many  grams 
of  nitre  and  sulphuric  acid  shall  I  need,  and  how  many  grams 
of  hydrogen  potassium  sulphate  will  remain  1 

10.  Mention  the  tests  for  nitric  acid. 

11.  How  is  nitrogen  pentoxide  prepared  ? 

12.  100  parts  by  weight  of  this  substance  contain  25*99 
parts  of  nitrogen,  and  74*01  parts  of  oxygen.  Show  that  the 
formula  of  the  substance  is  N2O5. 


Lesson  VII.     Oxides  of  Nitrogen  and  Ammonia, 

1.  Name  the  chief  properties  of  laughing  gas. 

2.  How  many  grams  of  nitrogen  monoxide  and  water  can 
be  obtained  from  213  grams  of  an^rnonium  nitrate  ? 
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3.  How  is  the  composition  by  volume  of  nitrous  oxide  gas 
determined  ? 

4.  I  want  100  liters  of  nitric  oxide  gas  when  the  tempera- 
ture is  0°  and  the  pressure  760  mm. ;  what  weight  in  grams 
of  copper  and  nitric  acid  must  I  take  ? 

5.  Point  out  the  relation  between  nitrogen  pentoxide  and 
the  nitrates,  and  nitrogen  trioxide  and  the  nitrites. 

6.  Give  the  formulae  representing  two  different  modes  by 
which  ammonia  can  be  produced. 

7.  How  many  liters  of  ammonia  measured  at  10°  and 
under  a  pressure  of  755  mm.  can  be  obtained  from  100  g^ams 
of  sal-ammoniac  ? 

8.  Describe  the  principles  of  Carr6's  anmionia  freezing 
machine. 

9.  How  is  the  composition  by  volume  of  ammonia 
ascertained  ? 

10.  How  can  ammonia  be  liquefied  ? 

11.  How  can  pure  nitrogen  be  obtained  from  ammonia  ? 

12.  Devise  an  experiment  for  showing  the  high  degree  of 
solubility  of  ammonia  in  water. 

1 3.  Give  the  composition  of  the  compounds  of  nitrogen  and 
hydrogen  other  than  ammonia. 


Lesson  VIII.     Carbon  and  Carbon  Dioxide. 

1.  Name  the  three  allotropic  modifications  of  carbon. 
State  their  chief  peculiarities. 

2.  Give  some  account  of  the  occurrence  of  the  different 
forms  of  carbon  in  the  free  state  in  nature,  and  also  of  carbon 
occurring  in  combination. 

3.  Give  a  short  description  of  the  nature  of  coal.  What 
changes  have  occurred  in  the  passage  of  wood  into  coal  ? 

4.  Required  572  g^ams  of  carbon  dioxide ;  how  will  you 
obtain  it,  and  what  weight  of  materials  will  you  need  to  use  ? 

5.  What  law  regulates  the  absorption  of  this  gas  in  water  1 

6.  How  can  carbon  dioxide  be  obtained  in  the  liquid  and 
in  the  solid  state  ?  What  peculiar  property  does  this  liquid 
exhibit  1 

7.  Explain  the  mode  adopted  for  obtaining  very  low  tem- 
peratures by  means  of  solid  carbon  dioxide. 

8.  Describe,  with  a  drawing,  the  apparatus  used  to  deter- 
mine the  composition  of  carbon  dioxide. 

9.  State  the  results  of  this  determination. 

10.  How  many  liters  of  carbon  dioxide  measured  at  300° 

H  H  2 
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and  under  a  pressure  of  740  mm.  can  be  obtained  by  burning 
one  kilogram  of  Wigan  cannel  (No.  5  on  page  79)  ? 

11.  Describe  an  experiment  showing  that  carbon  dioxide 
contains  its  own  volume  of  oxygen. 

12.  A  specimen  of  coal  is  completely  burnt  in  a  stream  of 
oxygen  ;  how  would  you  determine  the  weight  of  CO2  and  of 
H2O  formed,  and  calculate  the  C  and  H  in  the  coal  ? 


Lesson  IX.     Carbon  Monoxide  and  Hydrocarbons. 

1.  How  many  grams  of  carbon  will  be  needed  to  convert 
100  liters  of  carbon  dioxide  at  0°  and  760°  into  carbon 
monoxide,  and  how  many  liters  of  this  latter  gas  will  be 
formed  ? 

2.  Find  the  volume  in  liters  at  10°  and  740  mm.  of  carbon 
monoxide  which  can  be  obtained  from  100  g^ams  of  oxalic 
acid  and  formic  acid  respectively. 

3.  How  is  the  composition  of  carbon  monoxide  ascertained 
by  eudiometric  analysis  ? 

4.  What  is  the  composition  of  marsh-gas  and  fire-Klamp  ? 

5.  How  is  olefiant  gas  prepared  ? 

6.  State  shortly  the  properties  and  composition  of  coal 
gas. 

7.  Under  what  circumstances  is  acetylene  formed  and 
how  can  it  be  recognized  1 

8.  Explain,  with  sketch,  the  structure  of  the  flame  of  a 
candle.  In  what  respects  does  it  differ  from  that  of  a  blow- 
pipe or  the  Bunsen  burner  ? 

9.  Explain  the  principles  of  the  Davy  lamp. 

10.  How  many  liters  of  carbon  dioxide  are  formed  by  the 
complete  combustion  of  one  liter  of  olefiant  gas  ? 

1 1 .  How  is  cyanogen  gas  prepared  ? 

12.  I  want  50  grams  of  pure  hydrocyanic  acid ;  how  many 
grams  of  potassium  cyanide  and  sulphuric  acid  shall  I  need 
to  use  ? 

Lesson  X.     Chlorine, 

1.  Write  down  as  an  equation  the  decompositions  which 
occur  in  the  preparation  of  chlorine  from  rock-salt. 

2.  I  want  100  liters  of  chlorine  gas  at  10°,  and  under  the 
pressure  of  735  mm. ;  how  many  grams  of  the  materials,  viz., 
NaCl,  H2SO4  and  MnOj  shall  I  require? 

3.  Describe  experiments  proving  the  power  of  chlorine  to 
combine  with  hydrogen. 
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4.  Explain  the  bleaching  action  of  chlorine,  and  state 
what  is  meant  by  the  nascent  condition. 

5.  How  many  kilos,  of  salt  and  sulphuric  acid  must  be 
taken  to  yield  100  kilos,  of  aqueous  hydrochloric  acid  con- 
taining 20'22  per  cent,  of  the  gas  ? 

6.  How  is  the  composition  of  hydrochloric  acid  deter- 
mined ? 

7.  Write  out  the  formulae  of  the  oxides  of  chlorine  and  the 
corresponding  acids. 

8.  Describe  the  action  of  water  upon  chlorine  monoxide, 
nitrogen  pentoxide,  and  carbon  dioxide. 

9.  What  is  the  composition  of  bleaching  powder  ? 

10.  How  is  potassium  chlorate  prepared  ? 

11.  The  percentage  composition  of  potassium  chlorate 
being  potassium  31*92,  chlorine  28*93,  oxygen  39*15,  show 
that  its  formula  is  KClOs. 

12.  Show  that  the  aqueous  perchloric  acid  containing  72*3 
per  cent,  of  HCIO4  does  not  correspond  to  any  definite  com- 
pound of  this  acid  with  water. 


Lesson  XI.    Bromine,  Iodine ,  and  Fluorine. 

1.  Describe  the  mode  of  obtaining  pure  bromine. 

2.  What  is  the  composition  of  bromic  and  perbromic 
acids  ? 

3.  Write  out  in  an  equation  the  decompositions  occurring 
in  the  manufacture  of  iodine  from  potassium  iodide. 

4.  How  is  hydriodic  acid  gas  prepared  } 

5.  Show  that  the  aqueous  hydriodic  acid,  boiling  at  a  con- 
stant temperature,  and  containing  57  per  cent,  of  HI.  does 
not  correspond  to  a  definite  hydrate. 

6.  How  would  you  detect  iodine,  bromine,  and  chlorine, 
when  present  in  solution  together  ? 

7.  How  has  fluorine  been  isolated  ? 

8.  Mention  the  most  remarkable  property  of  HF. 

9.  State  the  general  relations  which  CI,  Br,  I,  and  F 
exhibit  amongst  themselves. 

10.  What  occurs  when  the  following  bodies  are  separately 
heated : — potassium  iodate,  barium  iodate,  iodine,  and  peri- 
odic acid  1 

11.  How  would  you  make  some  potassium  bromate? 

12.  How  would  you  distinguish  between  potassium  bromate 
and  potassium  chlorate  } 
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Lesson  XI L     Sulphur  and  Sulphurous  Acid. 

1.  State  the  different  compounds  in  which  sulphur  is  met 
with  in  nature. 

2.  Sulphur  occurs  naturally,  mixed  with  earthy  impurities ; 
how  is  it  freed  from  these  ? 

3.  Name  some  of  the  chief  properties  of  sulphur. 

4.  How  can  the  prismatic  and  octohedral  forms  of  sulphur 
respectively  be  obtained  ? 

5.  Write  down  the  names  and  symbols  of  the  compounds 
of  sulphur,  oxygen,  and  hydrogen. 

6.  How  is  sulphur  dioxide  prepared  {d)  from  S,  ip)  from 
concentrated  sulphuric  acid  ? 

7.  How  is  real  sulphurous  acid  formed  from  sulphur 
dioxide  ?  Explain  the  constitution  of  the  salts  termed 
sulphites. 

8.  How  does  sulphurous  acid  act  as  a  bleaching  agent  ? 

9.  Find  the  percentage  of  sulphur  in  H2SO4,  in  zinc  blende, 
and  in  iron  pyrites. 

10.  How  can  sulphurous  acid  be  converted  into  sulphuric 
acid.-* 

Lesson  XI IL    Sulphuric  Acid  and  Sulphuretted 

Hydrogen. 

1.  How  is  sulphur  trioxide  prepared,  and  what  are  its 
properties  ? 

2.  Describe  the  decompositions  by  which  sulphuric  acid 
is  prepared  in  the  leaden  chamber. 

3.  How  many  tons  of  chamber  vitriol,  containing  70  per 
cent,  of  real  acid  (H2SO4)  can  be  prepared  from  250  tons  of 
pyrites  containing  42  per  cent,  of  sulphur  1 

4.  What  is  the  composition  of  the  crystals  of  the  leaden 
chamber  1 

5.  How  many  grams  of  oxygen  can  be  obtained  by  the 
decomposition  of  450  grams  H2SO4  at  a  red  heat.'* 

6.  Explain  the  action  of  phosphorous  pentachloride  on 
strong  sulphuric  acid. 

7.  How  would  you  detect  the  presence  of  sulphuric  acid  ? 

8.  What  is  the  composition  of  sodium  thiosulphate  ? 

9.  How  is  sulphuretted  hydrogen  prepared .? 

10.  Explain  how  this  gas  may  be  used  for  the  separation  of 
the  metals  into  groups. 

1 1.  Point  out  the  relations  existing  between  the  oxygen  and 
sulphur  compounds. 
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12.  What  occurs  when  sulphur  vapour  is  led  over  red-hot 
carbon,  when  H2S  is  passed  over  red-hot  platinum,  and  when 
ferrous  sulphate  is  heated  ? 

Lesson  XIV.     Selenium^  Tellurium^  Silicon^  and  Boron. 

1.  Mention  the  chief  properties  of  selenium  and  tellu- 
rium. 

2.  In  what  respects  does  the  element  Se  resemble  S  ? 

3.  Trace  the  resemblances  between  the  compounds  of  S, 
Se,  and  Te,  with  O  and  H  respectively. 

4.  How  is  silicon  prepared  ? 

5.  What  names  does  the  substance  SiOo  go  by? 

6.  How  can  we  obtain  (i)  soluble  and  (2)  insoluble  silica? 

7.  Explain  the  terms  "dialysis,"  "  colloid/'  and  "crystalloid." 

8.  How  is  silicon  tetrafluoride  prepared  ? 

9.  How  would  you  show  that  glass  contains  silica  ? 

10.  Where  does  boric  acid  occur  ? 

11.  What  is  the  composition  of  borax? 

12.  How  is  boric  acid  prepared  from  borax?  How  much 
boron  trioxide  is  contained  in  3*82  grams  of  borax  ? 

Lesson  XV.    Phosphorus  Compounds. 

1.  Whence  do  animals  ultimately  get  the  phosphorus  which 
they  need? 

2.  How  is  phosphorus  prepared  from  bone-ash  ? 

3.  Describe  the  different  modifications  of  phosphorus  ? 

4.  How  is  white  phosphorus  transformed  into  red,  and 
vice  versd  f 

5.  What  weight  of  phosphorus  pentoxide  can  be  obtained 
by  burning  one  kilo,  of  phosphorus  ? 

6.  How  is  trihydrogen  phosphate  prepared  ? 

7.  Write  down  the  formulae  of  the  tribasic  sodium  phos- 
phates. 

8.  How  many  grams  of  sodium  metaphosphate  can  be  got 
by  heating  100  grams  of  microcosmic  salt  ? 

9.  How  is  metaphosphoric  acid  obtained,  and  how  does  it 
differ  from  phosphoric  acid  ? 

10.  Write  down  the  decomposition  which  occurs  when  we 
mix  solutions  of  hydrogen  di-sodium  phosphate  and  silver 
nitrate  (AgNOg). 

11.  4  H3P03  =  3  H3PO4+PH3.  Describe  this  decomposi- 
tion, and  give  the  properties  of  the  substances  formed. 

12.  How  are  the  chlorides  of  phosphorus  prepared? 
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Lesson  XVL     Arsenic  Compounds, 

1.  How  is  arsenic  separated  from  its  ores  ? 

2.  Name  the  oxides  of  arsenic. 

.3.  How  does  ferric  hydrate  act  as  an  antidote  to  the 
poisonous  properties  of  the  arsenites  and  arsenates  ? 

4.  What  is  the  composition  and  mode  of  preparation  of 
arseniuretted  hydrogen  ? 

5.  Name  the  tests  by  which  arsenic  can  be  detected  with 
certainty. 

6.  Point  out  the  general  chemical  relations  of  the  arsenic, 
phosphorus,  and  nitrogen  compounds. 


Lesson  XVn.    Atoms  and  Molecules, 

1.  Define  "  atom  "  and  "  molecule, "  "  atomic  weight "  and 
**  molecular  weight." 

2.  Given  the  density  of  any  body  volatile  without  decom- 
position, how  can  its  molecular  weight  be  found  } 

3.  Explain  fully  what  is  meant  when  we  say  that  chlorine 
is  a  monad,  oxygen  a  dyad,  nitrogen  a  triads  and  carbon  a 
tetrad. 

4.  Give  examples  of  compound  radicals  belonging  to  the 
monad,  dyad,  and  triad  groups. 

5.  How  is  the  quantivalence  of  an  element  or  radical 
denoted  .? 

6.  Write  down  a  series  of  decompositions  in  which  the 
radical  hydroxyl  plays  a  part. 

7.  Why  do  elements  act  more  energetically  in  the  nascent 
state  than  in  the  ordinary  condition  .? 

8.  State  Avogadro's  hypothesis,  and  the  conclusions  you 
draw  from  this  as  to  the  relation  between  vapour  density 
and  molecular  weight  of  gaseous  compounds. 

9.  Explain  the  action  of  ozone  on  hydrogen  dioxide. 

10.  What  is  meant  by  valency  of  an  element .? 

11.  Can  the    same    element    possess    different  valencies? 
Give  examples. 

12.  Explain  by  graphic  formulae  the  constitution  of  the  oxy- 
acids  of  phosphorus. 

Lesson  XVIIL     The  General  Properties  of  the  Metals, 

1.  Name  the  metals  which  are  lighter  than  water. 

2.  At  what  temperatures  does  mercury  boil  and  freeze? 
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3.  Describe  the  modes  in  which  the  metallic  ores  generally 
occur. 

4.  State  some  of  the  peculiar  properties  of  the  alloys. 

5.  Give  an  account  of  hydrogenium. 

6.  Under  what  classes  may  all  the  metals  be  arranged  ? 

7.  What  is  meant  by  a  metallic  salt  ? 

8.  Explain  the  relations  existing  between  the  atomic  heats 
and  combining  weights  of  the  elements. 

9.  State  the  law  regulating  the  atomic  heat  of  compounds. 
I  a  Explain  how  the  atomic  heat  of  chlorine  has  been 

arrived  at. 

1 1.  State  how  the  metallic  oxides  are  classified,  and  give 
illustrative  examples. 

Lesson  XIX.     Crystallography. 

1.  Give  the  chief  characteristics  of  crystalline  structure. 

2.  How  is  the  cube  derived  from  the  regular  octohedron  ? 

3.  Explain  what  is  meant  by  the  axes  of  a  crystal. 

4.  What  are  the  distinguishing  characteristics  of  the  six 
systems  of  crystallography  ? 

5.  How  is  the  rhombohedron  derived  from  the  double  six- 
sided  pyramid  ? 

6.  Show  how  to  distinguish  between    an  octohedron,  a 
quadratic  pyramid,  and  an  oblique  pyramid. 

7.  What  is  the  meaning  of  the  terms  isomorphism  and 
dimorphism  ? 


Lesson    XX.    Metals  of  the  Potassium  Group, 

1.  How  was  potassium  first  prepared,  and  how  is  it  now 
manufactured  ? 

2.  State  the  sources  of  the  potassium  compounds. 

3.  How  is  caustic  potash  obtained  ? 

4.  Describe  what  happens  when  gunpowder  is  burnt. 

5.  Supposing  that  the  decomposition  is  a  simple  one,  how 
many  cc.  of  (i)  carbon  dioxide  and  (2)  of  nitrogen  gas  at 
0°  and  760  mm.  will  be  given  off  by  burning  one  gram  of 
English  musketry  powder  ? 

6.  Name  the  characteristic  tests  for  potassium  salts. 

7.  What  are  the  sources  of  the  sodium  compounds  ? 

8.  Describe  the  salt-cake  process. 

9.  How  many  tons  of  vitriol  containing  72  per  cent,  of 
H2SO4  will  be  needed  to  convert  100  tons  of  salt  into  salt- 
cake,  and  how  many  tons  of  this  latter  will  be  formed.? 
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10.  How  many  tons  of  aqueous  hydrochloric  acid  contain- 
ing 30  per  cent,  of  HCl  will  be  formed  in  the  preceding 
reaction  ? 

11.  Describe  the  decompositions  by  which  salt-cake  is 
converted  into  soda-ash. 

12.  Required  500  tons  of  soda  crystals  ;  what  will  be  the 
weight  of  salt  and  pure  sulphuric  acid  needed  ? 

13.  How  were  the  two  new  alkali  metals  rubidium  and 
caesium  discovered  ? 

14.  Explain  the  analogy  in  constitution  existing  between 
the  potassium  and  ammonium  salts. 

15.  How  is  hydroxylamine  prepared,  and  what  are  its 
properties  ? 

Lesson  XXL     Metals  of  the  Alkaline  Earths  and  of  the 

Zinc  Group, 

1.  How  can  slaked  lime  be  obtained  from  limestone,  and 
what  is  its  composition  } 

2.  Describe  the  uses  of  lime  in  agriculture  and  the  arts. 

3.  How  can  temporarily  hard  water  be  softened  } 

4.  Name  the  commonest  minerals  containing  barium  and 
strontium. 

5.  How  can  oxygen  gas  be  prepared  from  barium  dioxide, 
and  what  process  is  employed  for  obtaining  oxygen  from  the 
atmosphere  in  this  way  } 

6.  Mention  the  distinguishing  reactions  of  the  salts  of 
barium,  strontium,  and  calcium. 

7.  Describe  how  you  would  obtain  a  soluble  salt  of  barium 
from  the  insoluble  heavy  spar. 

8.  Calculate  the  percentage  composition  of  beryl. 

9.  Find  the  formula  of  a  salt  having  the  following  per- 
centage composition. 

Magnesium 976 

Sulphur 13  "oi 

Oxygen 26*01 

Water 51 '22 

100  00 

10.  How  can  magnesium  salts  be  distinguished  and  sepa- 
rated from  those  of  calcium  1 

11.  How  is  metallic  magnesium  obtained  from  magnesian 
limestone  or  dolomite  ? 

12.  What  processes  are  used  for  extracting  zinc  from  its 
ores  ">. 
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13.  In  what  respects  do  cadmium  and  the  compounds  of 
cadmium  differ  from  those  of  zinc  ? 

14.  What  tests  would  you  employ  to  detect  the  presence  of 
the  compounds  of  zinc  and  cadmium  ? 


Lesson  XXI I .    Metals  of  the  Le<id  Group. 

1.  Mention  the  decompositions  which  occur  in  the  process 
of  lead-smelting. 

2.  Under  what  circumstances  may  drinking  water  be  con- 
taminated with  lead,  and  how  would  you  show  the  presence 
of  lead  in  such  water  ? 

3.  Describe  the  oxides  of  lead.  How  is  the  dioxide 
obtained  (a)  from  nitrate  of  lead,  ip)  from  red  lead  ? 

4.  What  takes  place  when  lead  nitrate  and  lead  dioxide 
are  respectively  heated .?    Give  equations. 

5.  How  is  white  lead  manufactured  ? 

6.  100  grams  of  lead  oxide  when  reduced  to  the  metallic 
state  in  a  current  of  hydrogen  lost  7*1724  grams.  Calculate 
the  combining  weight  of  lead. 

7.  4*9975  grams  of  lead  chloride  needed  3*881  grams  of 
metallic  silver  for  complete  precipitation  ;  required  the  atomic 
weight  of  lead,  those  of  silver  and  chlorine  being  given. 

8.  What  similarities  are  there  between  the  compounds  of 
lead  and  those  of  barium  } 

9.  "  The  properties  of  thallium  and  its  compounds  are 
intermediate  between  those  of  lead  and  the  alkalis/'  point 
out  in  detail  facts  bearing  out  this  statement. 


Lesson  XXIII.     MetcUs  of  the  Copper  and  Aluminium 

Group, 

1.  How  is  copper  obtained  from  copper  pyrites? 

2.  Calculate  the  percentage  of  water  contained  in  crystal- 
lized copper  sulphate. 

3.  From  cupric  oxide  how  would  you  obtain  («)  Scheele's 
green,  ip)  cuprous  oxide,  {c)  metallic  copper .? 

4.  What  is  the  density  of  mercury  vapour?  Does  it  obey 
the  usual  law  of  densities  ? 

5.  What  weight  of  mercury  and  corrosive  sublimate  must 
be  taken  to  yield  three  kilos,  of  calomel  ? 

6.  How  is  silver  extracted  from  argentiferous  lead  ? 

7.  100  parts  by  weight  of  silver  yield  I32'84  parts  of  silver 
chloride.  Given  the  atomic  weight  of  chlorine  calculate  that 
of  silver. 


476  ELEMENTARY  CHEMISTRY 

8.  What  decomposition  does  silver  chloride  undergo  in 
the  light  ? 

9.  Describe  the  electrotype  process. 

10.  Give  the  characteristic  reactions  of  copper,  mercury, 
and  silver  salts. 

11.  Calculate  the  weight  of  metallic  cerium  contained  in  10 
grams  of  cerium  potassium  sulphate. 

12.  Find  the  percentage  composition  of  potash  alum. 

13.  How  is  metallic  aluminium  prepared  ? 

14.  Give  a  short  account  of  the  composition  and  properties 
of  the  different  kinds  of  glass. 

15.  How  are  coloured  glasses  obtained? 

16.  How  is  common  earthenware  glazed  ? 

17.  Under  what  circumstances  were  gallium  and  indium 
discovered  ? 

18.  How  would  you  show  by  chemical  reactions  that  clay 
contains  aluminium  ? 


Lesson  XXIV.    Metals  of  the  Iron  Group. 

1.  State  the  composition  of  the  several  oxides  of  man- 
ganese. 

2.  How  many  liters  of  oxygen  at  12°  and  under  the  pres- 
sure of  750  mm.  can  be  got  («)  by  heating  500  grams  of 
manganese  dioxide,  and  {p)  by  treating  the  same  weight  of 
the  same  oxide  with  sulphuric  acid .? 

3.  How  are  potassium  manganate  and  permanganate  re- 
spectively obtained .? 

4.  Mention  some  of  the  most  important  physical  properties 
of  iron. 

5.  How  IS  ferrous  sulphate  obtained  ?  Calculate  the  weight 
of  crystals  obtained  by-  the  slow  oxidation  of  230  tons  of 
pyrites  containing  37*5  per  cent,  of  sulphur. 

6.  What  is  the  composition  of  red  haematite  and  of  specular 
iron  ore  ? 

7.  How  can  ferrous  and  ferric  salts  be  distinguished? 

8.  Describe  the  manufacture  of  cast-iron  from  clay  iron- 
stone. 

9.  What  chemical  changes  go  on  in  the  processes  of  "  re- 
fining "  and  **  puddling  "  ? 

10.  How  do  cast-iron,  steel,  and  wrought-iron  differ  in  their 
composition  ? 

11.  Describe  (a)  the  common  method  of  making  steel,  ifi) 
that  known  as  the  Bessemer  method,  {c)  the  basic  method. 

12.  3*285  grams  of  pure  iron  wire  are  burnt  in  excess  {a)  of 
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oxygen,  (fi)  of  chlorine  ;  required  the  weight  of  oxide  and  of 
chloride  formed. 

13.  What  is  the  cause  of  the  difference  in  the  appearance 
and  properties  of  "  mottled  "  and  "  white  "  cast-iron  ? 

14.  In  what  minerals  do  cobalt  and  nickel  occur,  and  how 
would  you  recognize  these  metals  by  the  blowpipe  ? 

15.  What  are  the  oxides  of  nickel  and  cobalt,  and  how  are 
they  obtained  from  the  salts  ? 

Lesson  XXV.     Chromium^  Molybdenutfiy  Uranium^ 
Tungsten^  Tin,  Titanium,  Germanium. 

1.  Give  the  names  and  formulae  of  the  oxides  of  chromium. 

2.  How  can  we  pass  from  the  sesquioxide  to  the  trioxide 
and  vice  versd  ? 

3.  Write  down  the  formulae  of  the  potassium  chromates. 

4.  What  is  the  constitution  and  mode  of  preparation  of 
chromium  oxychloride  ? 

5.  How  may  chromic  chloride  be  prepared  ? 

6.  What  action  has  potassium  bichromate  on  hydrochloric 
acid  ?    Give  equation. 

7.  How  is  molybdic  acid  obtained  from  the  disulphide.^ 

8.  4  grams  of  the  disulphide  gave  3*598  g^ams  of  the 
molybdic  acid ;  calculate  from  these  numbers  the  atomic 
weight  of  molybdenum. 

9.  Write  down  the  principal  oxides  of  uranium  and  com- 
pounds derived  from  them. 

10.  How  is  tungstic  acid  obtained  from  calcium  tung^tate, 
and  how  converted  into  the  dioxide  ? 

11.  In  what  form  does  tin  occur  in  nature,  and  how  is 
metallic  tin  got  from  the  ore  ? 

1 2.  What  weight  of  crystallized  "  tin  salts  "  can  be  prepared 
from  one  ton  of  metallic  tin  ? 

13.  What  are  the  characteristic  reactions  of  tin? 

14.  In  what  respects  do  titanium  and  zirconium  resemble 
tin? 

Lesson  XXVI.    Antimony,  Bismuth,  Vanadium^  Goldy 
Platinum,  and  the  rare  Platinum-like  Metals, 

1.  Write  down  the  names  and  formulae  of  the  oxides  and 
sulphides  of  arsenic  and  antimony. 

2.  How  does  antimony  differ  from  arsenic  in  its  behaviour 
with  chemical  reagents  ? 

3.  Describe  the  preparation  of  the  two  chlorides  of  anti- 
mony. 

4.  How  much  manganese  dioxide,  salt,  and  sulphuric  acid 
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will  furnish  chlorine  enough  to  convert  loog^ams  of  antimony 
into  the  trichloride  ? 

5.  Give  equations  for  the  reactions  which  take  place  when 
water  is  added  to  a  solution  of  bismuth  nitrate  and  of 
bismuth  trichloride. 

6.  Draw  up  a  comparison  between  the  vanadium  and 
phosphorus  compounds. 

7.  How  is  gold  transformed  into  the  trichloride  and  into 
the  trioxide  ? 

8.  How  can  spongy  platinum  be  obtained  from  the  tetra- 
chloride, and  how  converted  into  coherent  platinum  ? 

Lesson  XXVIL    Spectrum  Analysis. 

1.  Describe  the  phenomenon  observed  when  a  source  of 
white  light  is  examined  by  means  of  a  prism. 

2.  What  peculiarity  is  observed  in  the  spectra  of  coloured 
flames  t 

3.  How  does  the  spectrum  of  a  glowing  solid  differ  from 
that  of  a  glowing  gas  ? 

4.  Mention  some  facts  to  show  the  extreme  delicacy  of 
the  spectrum  analytical  methods. 

5.  How  can  the  spectra  of  the  metals  be  obtained  ? 

6.  Describe  the  construction  and  mode  of  use  of  the 
spectroscope. 

7.  Draw  a  rough  sketch  of  the  spectra  of  the  following  : — 
sodium,  potassium,  rubidium,  lithium,  and  strontium  (see 
Frontispiece). 

8.  Explain  what  is  meant  by  Fraunhofer*s  lines. 

9.  Describe  shortly  an  experiment  to  show  the  reversion 
of  the  bright  line  of  sodium. 

10.  Why  does  Kirchhoff  conclude  that  iron  exists  in  the 
solar  atmosphere  1 

11.  How  do  we  know  that  the  fixed  dark  solar  lines  are  not 
caused  by  absorption  in  the  earth's  atmosphere  ? 

12.  How  can  we  learn  the  composition  of  the  atmospheres 
of  the  fixed  stars,  and  why  are  we  in  ignorance  about  the 
composition  of  the  planets  .? 

13.  State  the  results  of  Mr.  Huggins's  observations  upon 
the  spectra  of  the  nebulae. 

Lesson  XXVIII.    Introduction  to  Organic  Chemistry, 

I.  Give  a  definition  of  an  organic  compound.  In  what 
respects  does  the  class  of  organic  compounds  differ  from  the 
class  of  inorganic  compounds  .'* 
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2.  Explain  what  is  meant  by  the  terms  saturated  and  un- 
saturated compounds. 

3.  Give  a  definition  or  explanation  of  the  terms,  substitu- 
tion product,  additive  product. 

4.  What  is  a  homologous  series,  and  what  is  the  next 
higher  homologue  of  the  hydrocarbon  ethane  ? 

5.  Show  by  means  of  formulae  how  the  ethyl  compounds 
may  be  considered  as  derived  from  ethane. 

6.  What  is  meant  by  the  term,  organic  radical ;  and  by 
the  same  term  when  qualified  by  the  words  monatomic, 
diatomic,  &c.  ? 

7.  What  is  an  empirical  and  what  a  constitutional  formula  ? 
Indicate  briefly  the  way  in  which  the  empirical  and  the  con- 
stitutional formulae  for  a  newly-discovered  substance  would 
be  determined. 

8.  Define  the  term  isomerism. 

9.  Given  two  organic  compounds  said  to  be  isomeric  how 
would  you  ascertain  if  this  were  so  ? 


Lesson  XXIX.     Organic  Analysis ^  6r»c, 

1.  Describe  the  processes  adopted  for  the  estimation  of 
the  carbon,  hydrogen,  nitrogen,  and  chlorine  in  organic 
compounds. 

2.  0*3059  gram  of  a  substance  yielded  on  combustion 
o*6ooo  gfam  carbon  dioxide  and  0*3040  gram  water.  Ex- 
press its  composition  by  the  simplest  formula  possible. 

3.  From  a  monobasic  acid  its  silver  salt  was  prepared, 
analysed,  and  found  to  contain  5  3 '6  per  cent,  of  silver.  What 
is  the  molecular  weight  of  the  acid  } 

4.  0*305  gram  of  a  monobasic  acid  yielded  on  combustion 
0*761  gram  of  carbon  dioxide  and  0*136  gram  water;  0*301 
gram  of  its  silver  salt  contained  0*184  gram  silver.  Required 
the  correct  empirical  formula  of  the  acid. 

5.  Describe  and  explain  a  method  for  the  determination  of 
the  vapour  density  of  a  substance.  What  is  the  use  of  the 
determination  1 

6.  Required  from  the  following  numbers  the  vapour  density 
of  a  hydrocarbon  of  the  marsh-gas  series  :  globe  filled  with 
air  at  i6''-5,  7566  grams ;  filled  with  vapour  at  140°,  but 
weighed  at  16"=  5,  7783  grams  ;  capacity  of  globe  1155  cc. 

7.  The  vapour  density  of  an  alcohol  was  determined  by 
Meyer's  method  :  01 20  gram  expelled  49*3  cc.  of  air,  the 
temperature  of  the  air  being  20°,  and  the  height  of  the 
barometer  740  mm.  , 
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Lesson  XXX.     Cyanogen^  Carbonyl,  and  Thio-carbonyl 

Compounds. 

1.  What  is  represented  by  the  formulae  CN  and  CjNj  ? 
Compare  the  action  of  cyanogen  and  of  chlorine  on  caustic 
soda  solution. 

2.  Describe  and  explain  the  tests  for  hydrocyanic  acid. 

3.  Describe  the  synthetical  methods  of  preparing  hydro- 
cyanic acid. 

4.  What  is  a  nitrile  and  why  may  hydrocyanic  acid  and 
cyanogen  gas  be  called  the  nitriles  of  formic  and  of  oxalic 
acids  respectively .? 

5.  How  much  potassium  ferrocyanide,  manganese  dioxide, 
and  ammonium  sulphate  should  be  required  to  prepare  500 
grams  urea? 

6.  Urea  treated  with  sodium  hypobromite  solutk>n  con- 
taining caustic  soda  is  decomposed  :  CO(NH2)2  +3NaOBr  -f- 
2  NaOH  =  Nj  +  sNaBr  -f  NajCOa  +  3  HjO ;  50  grams 
of  urine  yielded  on  analysis  47*5  cc.  of  nitrogen  at  11°  and 
754  mm.     Required  the  percentage  of  urea  contained. 

7.  Write  the  formulae  for  ammonium  carbonate,  ammonium 
carbamate  and  carbamide. 

8.  Compare  the  action  of  a  dilute  acid  on  potassium 
cyanate  and  thiocyanate. 


Lesson  XXXL    Paraffin  Group  and  Methyl  Series. 

1.  Define  the  term  paraffin.  Compare  the  percentage 
compositions  of  (i)  the  second  and  third,  and  (2)  the  thirty- 
second  and  thirty-third  members  of  the  paraffins. 

2.  Write  the  constitutional  formulae  for  all  possible 
isomerides  of  pentane. 

3.  What  products  are  obtained  by  the  action  of  dilute 
chromic  acid  solution,  or  of  dilute  sulphuric  acid  and 
manganese  dioxide  on  a  primary  alcohol  ? 

4.  Write  the  formulae  for  ethyl  hydroxide,  oxide,  chloride, 
and  amide  ;  compare  the  corresponding  acetyl  compounds  ; 
give  the  substances  their  common  names. 

5.  Given  two  samples,  one  primary  propyl  alcohol,  the 
other  secondary  propyl  alcohol,  how  would  you  ascertain  (i) 
physically,  (2)  chemically,  which  was  which  .«* 

6.  Write  the  constitutional  formulae  for  carbinol,  dimethyl- 
carbinol,  ethyl-carbinol,  trimethyl-carbinol. 
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7.  By  what  reactions  are  we  enabled  to  pass  from  the 
methyl  to  the  ethyl  series  ? 

8.  Why  is  methyl-carbamine  written  CH3.NC  and  aceto- 
nitrileCHs-CN? 

Lesson  XXX 1 1 .    Dicarbon  or  Ethyl  Series^  and  Higher 

Carbon  Series, 

I.  Given  carbon,  hydrogen,  oxygen,  sulphur,  and  any  other 
elements,  how  may  alcohol  be  prepared  ? 

2  Ethyl  alcohol  is  isomeric  with  methyl  ether  ;  how  has 
the  constitution  of  these  two  bodies  being  determined  ? 

3.  The  specific  gravity  of  beer  cannot  be  used  as  a  test 
of  the  amount  of  alcohol  present.  Why  ?  What  method 
would  you  propose  for  this  determination  ? 

4.  When  alcohol  and  strong  sulphuric  acid  are  mixed  the 
reaction  is  never  complete.  What  acid  is  formed,  and  how 
may  its  potassium  salt  be  prepared  in  a  state  of  purity  ? 
Barium  ethyl  sulphate  is  readily  soluble  in  water. 

5.  Compare  the  preparation  of  hydrobromic  acid  from 
phosphorus,  bromine  and  water,  with  the  preparation  of  ethyl 
Dromide  from  phosphorus,  bromine  and  alcohol. 

6.  How  do  we  know  that  the  four  carbon  atoms  in  ethyl 
ether  are  not  all  directly  connected  together  ?  Explain  the 
continuous  etherification  process. 

7.  In  what  manner  is  it  shown  that  in  nitrile  the  carbon 
atom,  and  not  the  nitrogen  atom,  of  the  cyanogen  group  is 
attached  to  the  alcoholic  radical  ? 

8.  What  materials  are  required  to  convert  ethyl  alcohol 
into  propionic  acid  ? 

9.  How  many  grams  of  ethylamine  can  be  prepared  from 
100  of  ethyl  carbimide  ? 

10.  Ethyl  cyanate  is  written  CgHjOCN  and  ethyl  carbimide 
CaHg-NCO.    Why  is  this? 

I I.  Write  out  in  full  the  constitutional  formulae  for  isobutyl 
oarbinol  and  secondary  butyl  carbinol. 

12.  How  many  hexanes  can  exist?  Give  their  constitu- 
tional formulae. 


Lesson  XXXIII.     Compounds  derived  by  Oxidation  from 

the  Alcohols, 

1.  Mention  the  chief  reactions  by  which  the  fatty  acids 
can  be  formed. 

2.  How  many  grams  of  potassium  formate  can  be  got  from 
500  liters  of  carbon  monoxide  at  15°  and  745  nmi.? 

II 
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3.  Required    100  kilos,  of  CHgO, ;   how  many  kilos,  of 
oxalic  acid  are  needed  ? 

4.  What  is  the  formula  of  formamide  ? 

5.  How  can  acetaldehyde  be  produced  from  acetic  acid, 
and  how  can  aldehyde  be  reduced  lo  alcohol  ? 

6.  Explain  what  is  meant  by  acetous  fermentation. 

7.  What  is  the  composition  of  red  and  iron  liquors  ? 

8.  How  many  grams  of  glacial  acetic  acid  can  be  obtained 
from  25  kilos,  of  potassium  acetate  ? 

9.  How  is  acetyl  oxide  (acetic  anhydride)  prepared  ? 

10.  Name  some  of  the  chlorine  substitution-products  of 
acetic  acid. 

11.  Give  the  formulae  and  mode  of  preparation  of  thi- 
acetic  acid,  acetyl  peroxide,  acetamide,  acetone,  acetylene. 

12.  Show  that  by  substituting  hydrogen  in  the  radical  of 
acetic  acid,  by  methyl  and  ethyl  we  obtain  (i)  propionic  and 
(2)  butyric  acids. 

13.  Describe  the  constitution  of  the  isomeric  alcohols,  acids, 
and  hydrocarbons  of  the  4-carbon  series. 

14.  Point  out  several  methods  by  which  we  can  pass  from 
the  di-  to  the  tri-carbon  series. 


Lesson  XXXIV.     Compounds  of  the  Alcohol  Radicals  with 
the  Elements  of  the  Nitrogen  Group, 

1.  Required  the  percentage  of  platinum  contained  in 
[N(C2H6)3]2H2PtCle. 

2.  What  are  the  molecular  weight  and  possible  formulae  of 
a  double  platinum  salt  yielding  on  heating  29*4  per  cent  of 
metallic  platinum  .'* 

3.  Explain  the  meaning  of  the  terms  primary,  secondary, 
and  tertiary  when  applied  (i)  to  amines,  (2)  to  alcohols. 

4.  How  would  you  determine  the  constitution  of  a  com- 
pound  ammonia  of  the  composition  C3H9N  ;  how  many 
isomerides  are  possible  ? 

5.  What  bodies  are  obtained  by  the  action  of  ethyl  iodide 
on  zinc  ;  and  (2)  on  zinc  and  water  ;  (3)  zinc  and  hydrochloric 
acid  ? 

6.  Express  by  equation  the  action  of  arsenic  trioxide  on 
heated  sodium  acetate. 

7.  Describe  all  the  steps  necessary  to  convert  ethyl  alcohol 
into  propionic  acid,  passing  through  zinc  ethyl 
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Lesson  XXXV.    Divalent  Alcohols. 

1.  What  is  meant  by  a  divalent  alcohol  ? 

2.  Mention  the  chlorine  substitution-products  of  ethylene. 

3.  Why  is  ethylene  regarded  as  an  unsaturated  com- 
pound ? 

4.  How  is  glycol  prepared  ? 

5.  What  are  the  products  of  oxidation  of  glycol  ? 

6.  How  is  ethylene  oxide  distinguished  from  aldehyde  ? 

7.  Describe  the  difference  in  constitution  between  the 
ethylene  and  ethidene  series  of  compounds. 

8.  How  many  grams  of  oxygen  are  required  to  bum  com- 
pletely 100  grams  of  trimethylene  glycol  ? 

9.  Write  down  a  list  of  the  olefines  with  their  formulae.. 

10.  What  is  the  name  of  CgH,2(OH)2? 

11.  Write  out  the  formulae  of  some  ethylene  diamines. 

Lesson  XXXVI.    Divalent  Acids, 

1.  How  are  the  acids  of  (i)  the  lactic  series,  and  (2)  of  the 
oxalic  series,  derived  from  the  corresponding  glycols  1 

2.  Show  that  hydroxycarbonic  acid  is  the  first  term  of  the 
first  series. 

3.  Write  the  formula  of  dimethyl  thiocarbonate. 

4.  How  many  grams  of  oxygen  are  required  to  oxidize  100 
grams  of  glycollic  to  oxalic  acid  ? 

5.  How  can  oxalic  acid  be  obtained  from  carbon,  oxygen, 
and  sodium  ? 

6.  Describe  the  manufacture  of  oxalic  acid  from  sawdust. 

7.  Show  that  lactic  acid  can  be  formed  from  chloropro- 
pionic  acid. 

8.  In  what  important  respect,  as  regards  the  formation  of 
salts,  do  lactic  acid  and  its  homologues  differ  from  oxalic 
acid  and  the  higher  terms  of  its  series  ? 

9.  Distinguish  between  ordinary  lactic  acid  and  ethylene 
lactic  acid. 

10.  Explain  the  reaction — 

C,H4(CN),  +  4HjO  =  C4He04  +  2NH,. 

11.  How  can  malic  and  tartaric  acids  be  obtained  from 
succinic  acid  ? 

12.  Describe  the  several  varieties  of  tartaric  acid. 

13.  What  is  the  action  of   hydriodic  acid   upon  tartaric 
acid? 

I  I  2 
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. Lesson  XXXVI  I.     Trivalent  and  Hexavalent  Alcohols. 

Ally  I  Group, 

1.  Show  the  relation  in  composition   existing   between 
propyl  alcohol,  propylene  glycol,  and  glycerol 

2.  Explain  the  process  of  saponification. 

3.  Explain  by  formulae  the  composition  of   the   chlor 
hydrins. 


3> 


4-    (Ci8H«,0)H,  {  ^»  '  (CisHjjO^H  i  ^ 

(Ci8H350),;"«- 

Name  the  above  bodies. 

5.  How  is  allyl  alcohol  prepared  from  glycerol. 

6.  What  is  the  composition  of  acrolein  t 

7.  What  is  the  constitution  of  mannitol ;  and  what  reasons 
have  we  for  supposing  it  to  be  hexavalent  alcohol  t 

8.  Explain  the  following  : 

CeH^Oe  +  iiHI  =  CeHi,I  +  6H3O  +  sV 


Lesson  XXXVI 1 1.     Carbohydrates. 

1.  Give  a  short  description  of  the  preparation  and  refining 
of  cane  sugar. 

2.  Write  down  the  formulae  of  saccharoses  and  hexoses. 

3.  What  is  meant  by    right-   and   left-handed  rotatory 
power  t 

4.  What  is  the  action  of  yeast  and  dilute  sulphuric  acid 
upon  cane  sugar  ? 

5.  How  is  glucose  prepared  ? 

6.  By  what  formulae  are  the  differences  between  glucose 
and  fructose  expressed  ? 

7.  Give  a  short  account  of  the  principal  phenomena  of 
fermentation. 

8.  How  does  starch  differ  in  constitution  from  glucose  ? 

9.  What  weight  of  dextrin  and  dextrose  can  be  obtained 
from  I  kilo,  of  starch  by  the  action  of  diastase  .'* 

10.  What   is    the    composition    of  gun-cotton,  and  what 
advantages  does  it  offer  over  gunpowder  t 
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Lesson  XXXIX.    Group  of  Aromatic  Compounds. 

1.  How  do  we  suppose  the  carbon  atoms  in  benzene  are 
arranged  ?     Give  proofs  of  formula. 

2.  Write  down  the  formulae  for  benzene,  phenol,  aniline, 
toluene. 

3.  How  many  di-  and  tri-substitution  products  of  benzene 
can  be  formed  ? 

4.  Explain  the  meaning  of  the  terms  ortho,  meta,  and  para 
series,  as  applied  to  the  dimethyl-benzenes. 

5.  What  substances  are  formed  by  the  replacement  of  one 
atom  of  hydrogen  in  benzene  by  NO2,  NHg,  and  OH? 
Describe  their  method  of  preparation  and  properties. 

6.  Describe  the  methods  employed  for  converting  aniline 
into  benzene,  phenol,  and  bromobenzene. 

7.  Required  the  volumes  at  0°  and  760  mn.  of  nitrogen  and 
carbon  dioxide  obtained  by  the  combustion  of  216  grams  of 
aniline. 

8.  Explain  the  action  of  nitrous  acid  on  aniline  nitrate. 

9.  How  can  oil  of  bitter  almonds  be  converted  into 
benzoic  acid,  and  vice  versd  f 

10.  Explain  the  constitution  of  toluidine  and  benzylamine. 

11.  Explain  the  following  : 

CyHsOJQ  _j_  c^HjOCl  =  c^h'o}^  "**  ^^^ 

12.  How  is  rosaniline  prepared  ? 

1 3.  Explain  the  relation  of  leucaniline  to  rosaniline,  and  of 
white  to  blue  indigo. 

14.  State  the  relation  of  naphthalene  and  anthracene  to 
benzene. 

1 5.  What  is  the  chief  colouring  matter  of  madder  ?  and 
how  can  it  be  artificially  prepared  1 

16.  How  can  indigo  be  prepared  artificially  } 


Lesson  XL.     Terpen es^  Camphor,  and  the  Glucosides, 

1.  What  are  the  chief  sources  of  the  essential  oils.? 

2.  What  is  the  composition  of  the  terpenes,  and  with  what 
aromatic  hydrocarbon  are  they  closely  allied  .•* 

3.  Name  the  chief  constituent  of  oil  of  turpentine ;  what 
is  its  action  on  the  plane  of  polarized  light  } 

4.  Give  the  source  and  chief  properties  of  camphor. 
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5.  What  is  the  relation  between  limonene  and  dipentene  ? 

6.  What  is  the  chemical  nature  of  the  glucosides ;  how 
have  they  been  artificially  prepared  ? 

Lesson  XLL     The  Alkaloids. 

1.  From  what  substances  are  the  alkaloids  mostly  derived, 
and  in  what  relationship  do  these  stand  to  benzene  and 
naphthalene  ? 

2.  How  is  piperidine  prepared  ? 

3.  Describe  the  synthesis  of  coniine. 

4.  What  are  the  chief  alkaloids  contained  in  opium  ? 

5.  Find  the  molecular  weight  of  an  alkaloid  whose  mono- 
hydrochloride  contains  1 1  per  cent,  of  chlorine. 

6.  From  what  substances  is  antipyrine  prepared ;  what  is 
its  most  remarkable  property  ? 

Lesson  XLIL    Albuminous  Substances, 

1.  In  what  chemical  characters  do  the  albuminous  bodies 
differ  from  definite  chemical  compounds  ? 

2.  How  may  fibrin,  albumin,  and  casein  be  separated  ? 

3.  Describe  shortly  the  composition  and  properties  of 
blood,  milk,  and  bile. 

4.  Distinguish  between  animal  and  vegetable  life. 

5.  What  is  the  result  of  work  and  rest  upon  the  excre- 
tion of  carbon  dioxide  and  the  absorption  of  oxygen  in  the 
body  t 

6.  From  what  source  do  animals  obtain  the  energy 
necessary  for  existence?  and  whence  do  plants  draw  the 
energy  needed  for  the  organization  of  their  food  ? 

Lesson  XLIII,     Organic  Synthesis, 

1.  By  what  experiment  was  the  belief  in  the  so-called  vital 
force  first  shaken  ? 

2.  How  may  formic  and  oxalic  acids  be  obtained  from  their 
elements  ? 

3.  Describe  the  synthesis  of  fatty  acids  and  ketones  from 
acetoacetic  ether. 

4.  In  what  manner  has  citric  acid  been  obtained  artificially  ? 

5.  From  what  natural  source  is  salicylic  acid  obtained,  and 
how  is  it  prepared  synthetically  1 
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Aluminium  potassium  sulphate,  230 
Aluminium  sulphate,  230 
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Animal  heat,  450 
Animal -starch,  39a 
Animals,  functions  of,  449 
Annealing,  asa 
Anthracene,  436 
Anthrapurpurin,  438 
Anthraquinone,  436 
Antimoniates,  357 
Antimony,  356^ 
Antimony  hydride,  358 
Antimony  oxychloride,  257,  258 
Antimony  pentachloride,  358 
Antimony  pentoxide,  256 
Antimony  sulphide,  256,  358 
Antimony  tetroxide,  257 
Antimony  trichloride,  258 
Antimony  trioxide,  357 
Anti^yrine,  443 
Apatite,  205 
Apomorphine,  438 
Aqua  fort  is,  63 
Aqua  regia,  104 
Aqueous  vapour,  tension  of,  42 
Argol,  ^69 
Argyrodite,  355 
Aromatic  compounds,  395 
Aromatic  group  of  organic  compounds, 

381 
Arragonite,  304 
Arsendimethyl,  348 
Arsenic,  153 

Arsenic,  detection  of,  156 
Arsenic  acid,  155 


Arsenic  disulphide,^  156 

Arsenic  pentasulphide,  156 

Arsenic  pentoxide,  154,  155 

Arsenic  tribromide,  156 

Arsenic  trichloride,  156 

Arsenic  tri-iodide,  156 

Arsenic  trioxide^  154 

Arsenic  trisulphide,  156 

Arsenious  acid,  154 

Arseniuretted  hydrogen,  155 

Arsenmonomethyl,  348 

Arsine,  155 

Asparagine,  368 

Asymmetric  carbon  atom,  363 

Asymmetric  system  of  cr^tallography, 

183 
Atmosphere,  the,  47 
Atmosphere,  the,  composition  of^  48 
Atomic  heat,  166 
Atomic  theory,  55 
Atomic  weights,  56 
Atoms,  55,  158 
Atropine,  441 
Aurates,  361 
Aurin,  430 
Avogadro's  law,  158 
Azobenzene,  404 
Azojcolours,  404 
Azoimide,  75 


B. 


Balsams,  431 
Barium,  306 
Barium  carbonate,  207 
Barium  chloride,  307 
Barium  chromate,  350 
Barium  dioxide,  307 
Barium  monoxiide,  307 
Barium  nitrate,  307 
Barium  phosphate,  307 
Barium  silicofluoride,  141,  307 
Barium  sulphate,  307 
Barium  sulphide,  307 
Barometer,  38 
Baryta,  307 
Bases,  definition  of,  63 
Basic  oxides,  175 

Basic  process  of  steel  manufacture,  245 
Basic  salts,  178 
Beet-root  sugar,  387 
Bell  metal,  173,  319,  254 
Benzaldehyde,  406 
Benzene,  395,  399 
Benzene,  constitution  of,  3^5 
Benzene,  di-  and  tri-substitution  pro- 
ducts of,  408 
Benzene,  synthesis  of,  459 
Benzene  hexabromide,  3915 
Benzene  hexachloride,  400 
Benzene  hexahydride,  396 
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Benzenesulphonic  acid,  400 

Benzidine,  417 

Benzoic  acid,  407 

Benzoic  anhydride,  407 

Benzol,  399 

Benzoyl-azoimide,  408 

Benzoyl  chloride,  406 

Benzoyl-hydrazine,  407 

Benzoyl  oxide,  407 

Benzovl  peroxide,  407 

Benzyl  alcohol,  406 

Benzylamine,  406 

Benzyl  chloride.  406 

Benzvlene  dichloride,  406 

Beryllium,  208 

Bessemer  process  of  steel   manufa^ 

ture,  244 
Biebrich-scarlet,  425 
Bile,  449 

Bismarck-brown,  405 
Bismuth,  258 
Bismuth  nitrate,  259 
Bismuth  pentoxide,  259 
Bismuth  sulphide,  259 
Bismuth  trichloride,  259 
Bismuth  trioxide,  259 
Biiu%t,  308 

Black-ash  process,  196 
Black-lead,  78 
Blast  furnace,  242,  343 
Blastinji;  oil,  Nobel's,  376 
Bleachmg  powder,  105,  305 
Blende,  117,  210 
Blood,  446 
Blood-clot,  444 
Blood  corpuscles,  447 
Blood  serum,  444 
Blue  vitriol,  220 
B<«head-coal,  79 
Bohemian  glass,  231 
Bones^  446 
Boracic  acid,  142 
Borax,  142,  198 
Boric  acid,  112 
Borneo-camphor,  431 
Bomeol,  431 
Bomyl  alcohol,  431 
Boron,  141  ^ 
Boron  hydride,  143 
Boron  nitride,  142 
Boron  trichloride,  143 
Boron  triethyl,  350 
Boron  trifluoride,  143 
Boron  trioxide,  142 
Bottle  glass,  231 
Boyle's  law,  28 
Brass,  173,  210,  2x9 
Brimstone,  xi8 
Britannia  metal,  254 
British  gum,  391 
Bromic  acid,  ztx 
Bromine,  Z09 


Bromine,  determination  of,  292 
Bronze,  173,  219,  254 
Brucine,  439 
Bunsen  gas-lamp,  93 
Butane,  331 
Butyl  carbinol,  332 
Butyric  acid,  343  ^ 
Butyric  fermentation,  39X 


Cacodyl,  3^8 

Cacodyl  oxide,  348 

Cacodylic  acid,  349 

Cadmium,  211 

Cadmium  chloride,  2x2 

Cadmium  iodide,  212 

Cadmium  oxide,  2x2 

Cadmium  sulphate,  212 

Cadmium  sulphide,  212 

Caesium,  198 

Caffeine,  374 

Calamine,  2x0 

Calc-spar,  204 

Calcium,  20^ 

Calcium  carbonate,  304 

Calcium  chloride,  204 

Calcium  fluoride,  205 

Calcium  monoxide,  203 

Calcium  pentasulphide,  205 

Calcium  phosphate,  205 

Calcium  sulphate,  204 

Calcium  sulphide,  205 

Calomel,  224 

Camphene,  430 

Camphor,  430 

Camphor^  artificial,  430 

Camphoric  acid,  430 

Cane-sugar,  386 

Cannel-coal,  79 

Caoutchouc,  433 

Carbamic  acid,  307 

Carbamide,  307 

Carbinol,  316 

Carbohydrates,  383 

Carbolic  acid,  400 

Carbon,  75 

Carbon,  estimation  of,  287 

Carbon  chlorides,  109 

Carbon  dioxide,  80 

Carbon  dioxide,  composition  of,  84 

Carbon  dioxide,  liquefaction  of,  83 

Carbon  disulphide,  133 

Carbon  monoxide,  86 

Carbon  tetrachloride,  320 

Carbonic  acid,  80,  82 

Carbonic  anhydride,  80 

Carbonic  oxide,  86 

Carbonic  oxide,  action  of,  on  iron,  306 

Carbonyl  chloride,  307 

Carbonyl  sulphide,  305,  907 
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Carboxyl,  3x4 

Camallite,  209 

Carry's  freezing  machine,  73 

Casein,  445 

Cast-iron,  238,  343 

Cast-iron,  grey,  243 

Cast-iron,  mottled,  243 

Cast-iron,  white,  243 

Cast -steel,  944 

Catechol,  410 

Caustic  lime,  203 ' 

Caustic  potash,  187 

Caustic  soda,  192 

Celestine,  206 

Cellular  structure,  z8o 

Cellulose,  393 

Centigrade  thermometer  scale,  35 

Cerite,  329 

Cerium,  229 

Cerotyl  alcohol,  334 

Cerussite,  214 

Cetyl  alcohol,  334 

Cetyl  bromide,  334 

Cetyl  chloride,  334 

Cetyl  ether,  334 

Cetyl  iodide,  334 

Cetyl-sulphunc  acid,  334 

Ch^cedony,  138 

Chalk,  304 

Charcoal,  76 

Chemical  action,^  definition  of,  z 

Chemical  analysis,  13 

Chemical  balance,  4 

Chemical  change,  x,  3 

Chemical  combmation  in  multiple  pro- 
portion, law  of,  55 

Chemical  symbols,  13 

Chemistry,  agricultuiral,  453 

Chemistry,  animal,  446 

Chemisby,  physiological,  451 

Chessylite,  321 

Chili-saltiMtre,  197 

Chloracetic  acid,  340 

Chloral,  338 

Chloral  hydrate,  338 

Chloranil,  41  z 

Chlorhydrin,  376 

Chlorhydrins,  353  ^ 

Chlorhydrosulphuric  acid,  130 

Chloric  acid,^  107 

Chloride  of  lime,  205 

Chlorine,  97 

Chlorine,  bleaching  action  of,  99 

Chlorine,  determination  of,  292 

Chlorine,  manufacture  of,  by  Deacon's 
process,  100 

Chlorine,  oxy-acids  of,  104 

Chlorine  monoxide,  105 

Chlorine  peroxide,  106 

Chlorobenzene,  399 

Chloroform,  320 

Chlorosulphonic  acid,  130 


Chlorous  acid,  107 

Choke-damp,  81 

Choline,  357 

Chrome  sdum,  249 

Chrome  ironstone,  247 

Chrome-yellow,  215 

Chromic  acid,  249 

Chromic  chloride,  248 

Chromic  oxide,  248 

Chromium,  247 

Chromium  dichloride,  248 

Chromium  monoxide,  247,  248 

Chromium  oxychloride,  250 

Chromium  sesquioxide,  247,  248 

Chromium  trioxide,  247,  249 

Chromo-chromic  oxide,  247 

Chromyl  chloride,  250 

Chrysoidine,  404 

Cinchonicine,  441 

Cinchonidine,  441 

Cinchonine,  441 

Cineol,  432 

Cinnabar,  222,  224 

Cinnamaldehyde,  414 

Cinnamic  acid,  415 

Cinnamic  acid,  synthesb  of,  460 

Cinnyl  alcohol,  414 

Citrene,  431 

Citric  acid,  371 

Citric  acid,  synthesis  of,  458 

Clay,  230 

Clay-ironstone,  340 

Cleavage,  179 

Coal,  79 

Coal-gas,  9x 

Cobalt,  245 

Cobalt  chloride,  245 

Cobalt  glance,  245 

Cobalt  monoxide,  245 

Cobalt  nitrate,  246 

Cobalt  sesquioxide,  245 

Cobalt  sulphate,  246 

Cobalt  sulphide,  346 

Cocaine,  442 

Codeine,  438 

Coefficient  of  expansion  of  gases,  27 

Collodion,  394 

Colloids,  139 

Colophony,  433 

Coloured  glass,  333 

Columbite,  260 

Combining  volumes  of  gases,  57 

Combining  weights,  15 

Common  salt,  192 

Composition  of  earth's  crust,  8 

Composition  of  water  by  volume,  32 

Composition  of  water  by  weight,  35 

Compound  ammonias,  310 

Compound  radicals,  96,  164,  278 

Compound  substances,  definition  of,  5 

Condy's  liquid,  237 

Congo-red,  425 
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Coniferin,  435 

Coniine,  436 

Constitutional  formulae,  383 

Copper,  a  18 

Copper,  metalliu'gy  of,  218 

Copper  acetate,  339 

Copper  arsenite,  321 

Copper  carbonate,  221 

Copper  chloride,  221 

Copper  ferrocyanide,  303 

Copper  monoxide,  330 

Copper  nitrate,  321 

Copper  pyrites,  218 

Copper  sulphate,  230 

Copper  sulphide,  221 

Coral,  204 

Corrosive  sublimate,  323 

Corundum,  329 

Coumarin,  415 

Cream  of  tartar,  370 

Creatine,  373 

Creatinine,  373 

Cresoly  41X 

Crotonic  acid,  380 

Crown  glass,  231 

Cryophorus,  40 

Crystal,  231 

Crystallography,  X79 

Crystallography,  systems  of,  x8o 

Crystalloids,  139 

Cullet,  33T 

Cumene,^  414 

Cupellation,  335 

Cupric  oxide,  220 

Cuprous  acetylide,  381 

Cuprous  chloride,  222 

Cuprous  hydride,  222 

Cuprous  oxide,  221 

Curarine,  440 

Curds,  445 

Cyamelide,  305 

Cyanamide,  306 

Cyanic  acid,  304 


Cyanogen,  67,  300 
Cyanogen  chloride, 
Cyanuric  acid,  305 
Cymene,  4x5 


304 


D. 

Davy  safety-lamp,  95 

Decimal  weights  and  measures,  23 

Dextrin,  391 

Dextrose,  384 

Dextro-tartaric  acid,  370 

Diacetamide,  341 

Diacetin,  376 

Diallyl  ether,  379 

Dialysis,  139 

Diamide,  75 

Diamidoazobenzene,  404 

Diamidodiphenyl,  417 


Diamines,  357 
Diamond,  76 
Diamyl  ether,  326 
Diastase,  39  j 
Diazoamidobenzene,  404 
Diazobenzene,  403 
Diazobenzene  nitrate,  403 
Dibenzyl,  416 
Dibromosuccinic  acid,  367 
Dibutyl  ether,  326 
Dichloracetic  acid,  340 
Dichlorhydrin,  376 
Dicyanogen,  97,  300 
Didymium,  229 
Diethyl  ether,  323 
Diethyl  sulphate,  329 
Diethylamine,  344,  346 
Diethylene  glycol,  357 
Diethylin,  376 
Dieth^lphosphine,  347 
Diffusion  of  gases,  30 
Dihydroxyanthraquinone,  437 
m-Dihydroxybenzene,  410 
^Dihydroxyoenzene,  410 
^Dihydroxybenzene,  410 
Dihydroxybenzoic  acid,  4x3 
Dimethylamine,  346 
Dimethylaniline,  40a 
Dimethylbenzene,  4x3 
Dimethyl  carbinol,  331 
Dimethyl  ether,  318,  336 
Djmethyl  ketone,  34X 
Dimorphism,  184 
Dinitrodiphenyl,  4x7 
Dipentene,  43c 
Dipentylene  chloride,  43a 
Dipentylene  glycol,  433 
Dipentylene  oxide,  433 
Diphenyl,  416 
Diphenylamine,  403 
Diphenylmethane,  416 
Diphenyltolylmethaiie,  4x7 
Dipropinyl,  581 
Dithionic  acid,  121 
Dolomite,  208 
Double  cyanides,  301 
Double  decomposition,  6z 
Dulcite,  382 
Dulcitol,  382 
DurenCj  415 
Dynamite,  376 


E. 

Earthenware,  233 

Earth's  crust,  composition  of^  8 

Ebonite,  433 

Elaldic  acid,  380 

Electrotype  process,  228 

Elements,  definition  of,  5 

Elements,  distribution  of,  8 


^^ 


KmhiiK,  di 
Krrthrol,  ^i 
Einanti  3» 


Eiliyl    unidD-acetau   h 

ElVyl-iiiiEoe,  344f346 
Elhy  amyl  Mtaer,  316 
Elhy  -beniciie,  414 
Elfay  boruc,  Jja 
Elhy  bromide,  317 
Elky  butyl  clbcr,  3*6 


uiyiuc,  J4S 
krDumnCt  33 

drboniu,  33a 
chlDridt,  sit 

ethyl-lactue,  361 

hydnde.  aati 
hydnnutphide,  319 
hydroxide,  391 


isocyanuc,  330 


:^'d,j6. 
iuta,3S7 


«.  3W 
nlphuricsad,  31 


Elhyi] 
Ethyl 
Ethy  I 
Elhyi !, — 

£diy  eiK,  OD, 
Elbylcne  alco] 
IlhyLcpe  chlorhydnn,  35* 
ElhylciK  ditinine,  357 
Ethylene  dichloTide,  35; 
Ethylene  diethyl  ether,  35S 
Elhylene  luetic  acid,  360,  363 
Ethylene  oiLde,  357 
Ethylin,  376 
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Galena,  1x7,  213 

Gallic  acid,  4x2 

Gallic  acid,  synthesis  of,  460 

Gallium,  23^ 

Galvanized  iron,  2x0 

Garnet,  231 

Gases,  diffusion  of,  30 

Gases,  expansion  of,  by  heat,  97 

Gases,  physical  properties  of,  aa 

Gastric  juice,  448 

Gelatin,^  445 

Germanium,  2^5 

Germanium  disulpbide,  255 

German  silver,  2x0,  246 

Glacial  acetic  acid,  339 

Glass,  231 

Glass,  coloured,  233 

Glauber's  salts,  197 

Gliadin,  445 

Globulin,  445 

Glonoin  oil,  376 

Glucinum,  26B 

Glucose,  384 

Glucosides,  433 

Gtutin,  445 

Glyceric  acid,  375 

Glycerine,  374,  375 

Glycerol,  374,  375 

Glycerol,  synthesis  of,  457 

Glycocholic  acid,  449 

GlycocoU,  364 

Glycogen,  392 

3.55 
diacetate,  357 

monacetate,  357 

lie  acid,  360 


5.  3S3i  ?54 
iilphur 


Glyco 
Glyco 
Glyco 
Glyco 
Glyco 

Glycosulphuiicacid,  356 
Glyoxal,  356 
Gold,  260 

Gold,  standard,  260 
Gold  monochloride,  261 
Gold  suboxide,  261 
Gold  trichloride,  26X' 
Gold  trioxide,  26  x 
Grape-sugar,  384 
Graphite,  j6 
Green  vitnol,  240 
Guanine,  373 
Guignet's  green,  248 
Gum-arabic,  391 
Gun-cotton,  394 
Gun-metal,  173,  219 
Gunpowder,  189 
Gutta-percha,  433 
Gypsum,  S04 


H. 


Hsematin,  ^47 
Haemoglobm,  447 


Hartshorn,  spirit  of,  71 

Heavy  spar,  206 

Helicin,  434 

Heptyl  alcohol,  333 

Hexagonal  system  of  crystallography, 

180 
Hexamethylpararosaniline,  4x9 
Hexoses,  384 
Hexyl  alcohol,  333 
Hippuric  acid,  408 
Hippuric  acid,  synthes'.s  of,  460 
Hofmann's  violets,  419 
Homologous  series,  278 
Horn  silver,  227 
Hydraulic  mortars,  203 
Hydrazine,  75 
Hydrazobenzene,  4x7 
Hydrazones,  405 
Hydriodic  sicid,  113 
Hydrobromic  acid,  ixo 
Hydrobromic  acid,  tests  for,  izi 
Hydrochloric  acid,  100 
Hydrochloric  acid,  tests  for^  104 
Hydrochloric  acid,  composition  o^  103 
Hydrocyanic  acid,  96,  30X 
Hydrofluoboric  acid,  143 
Hydrofluoric  acid,  1x5 
Hydrofluosilicic  acid,  X4X 
Hydrogen,  17 
Hydrogen,  absorption  of,  by  metalSi 

174 
Hydrogen,  estimation  of,  387 
Hydrogen,  preparation  of,  27 
Hydrogen,  properties  of,  ai 
Hydrogen  borofluoride,  143 
Hydrogen  bromide,  ixo 
Hydrogen  chlorate,  X07 
Hydrogen  chloride,  100 
Hydrogen  chlorite,  107 
Hydrogen  dioxide,  45 
Hydrogen  disulphide,  X33 
Hydrogen  ethyl-sulphate,  329 
Hydrogen  ferricyanide,  304 
Hydrogen  ferrocyanide,  303 
Hydrogen  fluoride,  xx5 
Hydrogen  hypochlorite,  106 
Hydrogen  hypophosphite,  X50 
Hydrogen  hyposulphite,  129 
Hydrogen  iodate,  1x4 
Hydrogen  iodide,  X13 
Hydrogen  monoxide,  31 
Hydrogen  nitrate,  60 
Hydrogen  perchlorate,  X07 
Hydrogen  periodate,  X14 
Hydrogen  phosphite,  147 
Hydrogen  potassium  carbonate,  z88 
Hydrogen  pyrophosphate,  146,  14 
Hydrogen  selenate,  X35 
Hydrogen  selenide,  136 
Hydrogen  selenite,  X3S 
Hydrogen  silicate,  1^8 
Hydrogen  silicofluonde,  Z4Z 
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Methyl  laJicyUte,  4^is 
Mcthylsulphuric  acid,  318,  319 
Methyl  thiocarbimidc,  346 
Meth^i-violets,  419 
Mctnc  system  oiweightt  and  iimaiiirfii, 

as 
Mica,  331 

Microcosmic  salt,  149,  aoi 
Miik-suKar,  ^ 
Moisture  of  the  air,  53 
Molecular  formuUe,  383 
Molecular  weight,  57 
Molecular  weight,   detennination  €€, 

Molecular  weight,  determination  of, 
bv  Raoult's  method,  398 

Molecules,  55,  158 

Molybdenum,  351 

Molybdenum  di^ulphide,  351 

Molybdenum  trioxide,  351 

Molybdic  acid,  351 

Monacetin,  376 

Monad  alcohols,  general  characteristics 
of,  310 

Monobromosuccinic  acid,  367 

Monochloracetic  acid,  340 

Monoclinic  system  of  crystallography, 
183 

Monosvmmetric  system  of  crystallo- 
graphy, 183 

Morpnine,  438 

Mortar,  303 

Mucic  acio,  389 

Mucous  fermentation,  391 

Muntz  metal,  319 

Murexide,  373 

Myosin,  44; 

Myronic  acid,  434 

N. 

Naphthalene,  439 

Naphthalene-yellow,  435 

Naphthoic  acid,  435 

Naphthol,  435 

Naphthylamine,  435 

Narcotine,  438,  439 

Nascent  state,  158 

Nascent  state,  definition  of,  90 

Natural  arrangement  of  the  elements, 

363 
New  elements,  prediction  of,  366 
Nickel,  346 

Nickel  carbon  monoxide,  347 
Nickel  chloride,  346 
Nickel  hydroxide,  346 
Nickel  monoxide,  346 
Nickel  nitrate,  346 
Nickel  sesquioxide,  346 
Nickel  sulphate,  346 
Nickel  sulphide,  346 
Nicotine,  437 


Nigfat-bloe,  . 
NiMNnm,  960 
Nitre,  188 
Nitric  acid,  60 
Nitric  anhrdfide,  64 
Nitric  onoe,  67 
Nitrobenaene,  401 
Nitro-ethane,  ^pS 
yitroferrocyanadei^  904 
Nitrogen,  Ji 

Nitrogen,  oetarmination  ct. 
Nitrogen  and  oxygen,  direct 

tionof,  59 
Nitrogen  chloride,  106 

Nitrogen  iodide,^  1 15 
Nitrogen  monoxide,  65 
Nitrogen  pentoxide,  64 
Nitrogen  peroxide,  70 
Nitrogen,  preparation  of,  46 
Nitrogen  trioxide,  69 
Nitro-glycerine,  376 
Nitro-glycerol,  3^ 
Nitro-hydrochloric  acid,  104 
Nitrolamines,  430 
Nitrosodimethylaniline, 
Nitroprussides,  304 
Nitrous  acid,  69 
Nitrous  oxide,  65 
Nobel's  blastine  oil,  376 
Non-metallic  ekments,  9 
Normal  amyl  alcohcJ,  333 
Normal  butyl  alcohol,  33a 
Normal  pentane,  33? 
Normal  pentyl  alcdnol,  333 
Normal  salts,  178 
Nomarcotine,  439 


O. 

Octyl  alcohol,  333 

Oil  of  bitter  almonds,  406 

Oil  of  cinnamon,  4x4 

Oil  of  vitriol,  a  27 

Olefiant  gas,  90 

Olefines^  preparation  of,  353 

Oleic  acid,  380 

Olein,  377 

Opal,  138 

Opium,  437 

Optical  isomerism,  362 

Organic  analysis,  287 

Organic  chemistry,  definition  of,  375, 

381  ^ 
Organic  chemistry,  introduction  to,  375 
Organic  synthesis,  453 
Organised  structure,^  180 
Organo-metallic  bodies,  3x1 
Orpiment,  156 
Orthite,  239 
Orthophosphoric  acid,  146 


Ox^en.  pruauction  on  Urgq  vait,  t 

Oxy^ydrogeri  blowpipe,  37 
Oxy-hydrogen  lime-ngnt,  37 


FiHidium,  361,  i« 
Palmitic  uid,  3U 
Palmilln,  37« 
Pipavennt,  fsS,  4 
ParabuiK  Acia,  37 
ParscywKiitn,  3111 
Puraffim,  309 


Phosphorous  acid,   147'*' 
Phosphorous  ovidc.  14S1  146 
PluspliDms,  143 
Phcspfaorus,  dtxeminalioni^  99a 

Fbinphonu  ^yt^'li^ye,  13a 
Phosphorus  peniMhloride,  151 
PhoAphoriis  pcniafhnride,  150 


Phosphonu 
fhosphorui 

Phosphorus  inc^iionuc,  15 
Phtnphurellcd  hydrogen,  1 
PhoLOETaphy,  137 
PhthaficKidMtJ 
PhyHoltwiical  chemLstrv,  4 
Picoiine,  ,3« 


FcQIalhiohiciCHl,  iti 
PenlosB,  3B4 
Penlyl  elcohol,  333 
Pepsin,  ^48   . 
Perchrcquic  acid,  331 

Periodic  law,  16; 
PennaDganic  acid,  336 

PelTOituni,  309 

Pharaoh's  serpents,  306 
Phsnanthrene,  41B 


Phenyi-brown,  40; 
Pheoyleihylerie,  414 
Phenylhydmine,  405 
a-PhcnyllacIic  aci  J,  443 
PhenylprojMonic  acid,  415 


Plants,  fun^tio 
Kaster  of  Pari 
Plau  glass,  13 


Potassium  chlsrale,  ito 
PoIMsium  chloride,  ,89 

Potassium  chromate,  349 

Potasuuin  compounds,  source 
Potassium  ferricyanide,  304 
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Potassiam  methjiatc,  3x8 
PotasMum  nitrate,  xE8 
Potassium  oxalate,  3166 
Potassium  permanganate,  337 
Potassium  peroxide,  187 
Potassium  quadroxalate,  366 
Potassium  nlicoflnoride,  141 
Potassium  silver  cyanide,  302 
Potassium  sulphate,  190 
Potassium  sulphides,  190 
Potassjum  sulphocyanide,  305 
Potassium  thiocyanate,.^5 
Potassium  trichromate,  349 
Potassium  uranate,  353 
Powder  of  algaroth,  358 
Prediction  of  new  elements,  366 
Primary  alcohols,  315,  3x6 
Primary  alcohols,  detection  of,  338 
Primary  amines,  ^11 
Primary j>ropyI  alcohol,  330 
Proof  spirit,  333 
Propenyl  ajcohol,  375 
Propenyl  nitrate,  376 
PropinCj  381 
Propionitrile,  338 
Propyl  alcohol,  330 
Propylene,  3^8 
Propylene  dibromide,  358 
Propylene  glycol,  358 
Protagon,  448 
Protocatechuic  acid,  413 
Protocatechuic  aldehyde,  4x3 
Prussian  blue,  303 
Prussic  acid,  96,  301 
Pseudocumene,  414 
Purple  of  Cassius,  354 
Purpuric  acid,  373 
Purpurin,  428 
Pyridine,  435,  436 
Pyrocatcchin,  4x0 
Pyrogallic  acid,  413 
Pyrogallol,  412  ^ 
Pyroligneous  acid,  339 
Pyrolusite,  236 
Pyrometers,  2^ 
Pyrophosphonc  acid,  X49 


Q. 

Quadratic  system  of  crystallography, 

183 

lantitative  analysis*  13 
^uantivalence,  160 
)uartz,  138 
quicklime,  203 
)uinic  acid,  440 
luinicine,  440 
[uinidine,  440 
minine,  440 
fuinolj  410 
{uinoline,  435,  436 


R. 


Raoemicacid,  370 

Rain  water,  44 

Raoult's  method  of  determining  mole- 
cular weights,  398 

Raffinose,  389 

Realgar,  156 

R^umur's  thermometer  scale,  35 

Red  lead,  314 

Red  liquor,  339 

Red  phosi)horus,  X45 

Red  prussiate  of  potash,  304 

Red  zinc  ore,  3 10 

Regular  system  of  crystallography, 
x8o 

Rennet,  445 

Resins,  433 

Resorcinol,  4x0 

Resorcinolphthalein,  421 

Respiration,  450 

Rhodium,  261,  263 

Rhombic  system  of  crystallography, 
x83 

Rock  oil,  309 

Rosaniline,  4x8 

Rosin,  433 

Ruberythric  acid,  427,  435 

Rubidium,  198 

Ruby,  229 

Ruthenium,  261,  263 

Rutile,  255 


Saccharic  acid,  389 

Saccharosates,  388 

Saccharose,  386 

Safety-lamp,  95 

Sal-ammoniac,  200 

Saljcin,  434 

Salicylaldehyde,  411 

Salicylic  acid,  411 

Salicylic  acid,  synthesis  of,  460 

Saligenin,  411 

Salt-cake  process,  X93 

Saltpetre,  188 

Salts,  definition  of,  63 

Sal-volatile,  200,  307 

Samarium,  239 

Samarskite^  229 

Saponification,  375,  377 

Sapphire,  229 

Sarcine,  373 

Sarcolactic  acid,  362 

Sarcosine,  373 

Scandium,  229 

Scheele's  green,  221 

Scheelite,  251 

Sea-water,  44 

Secondary  alcohols,  3x5,  3x6 

Secondary  alcohols,  detection  of,  338 
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Secondary  amines,  31  x 

Secondary  octyl  alcohol,  333 

Secondary  propyl  alcohol,  331 

Selenic  acid,^  135 

Selenious  acid,  135 

Selenite,  204 

Selenium,  134^ 

Selenium  dioxide,  135 

Seleniuretted  hydrogen,  136 

Silica,  13^ 

Silicic  acid,  138 

Silicochloroform,  z^,  351 

Silicoformic  anhydride,  140 

Silicon,  137^ 

Silicon  dioxide,  137 

Silicon  ethyl^  350 

Silicon  hydride,  139 

Silicon  oxychloride,  141 

Silicon  tetrachloride,  139 

Silicon  tetrafluoride,  141 

Silicononyl  acetate,  350 

Silicononyl  alcohol,  350 

Silicononyl  chloride^  350 

Silicononyl  hydride,  350 

Silver,  225 

Silver,  alloys  of,  226 

Silver,  spitting  of,  226 

Silver  bromide,  227 

Silver  chloride,  227 

Silver  chromate,  250 

Silver  dioxide,  226 

Silver  fulminate,  341 

Silver  glance,  227 

Silver  iodide,  227 

Silver  monoxide,  226 

Silver  nitrate,  226 

Silver  sulphide,  227 

Slaked  lime,  203 

Soap,  377 

Sobrerol,  430 

Soda-ash,  193 

Sodium,  191 

Sodium  bicarbonate,  197 

Sodium  carbonate,  193 

Sodium  chloride,  192 

Sodium  compounds,  general  character* 

istics  of,  198 
Sodium  dioxide,  192 
Sodium  ethyl,  349 
Sodium  hydroxide^  192 
Sodium  hypochlonte,  105 
Sodium  metantimoniate,  257 
Sodium  nitrate,  197 
Sodium  nitroprusside,  304 
Sodium  oxide,  192 
Sodium  phosphates,  148,  198 
Sodium  silicate,  139,  198 
Sodium  stannate,  254 
Sodium  sulphantim6niate,  258 
Sodium  sulphate,  197 
Sodium  sulphide,  198 
Sodium  thiosulphate,  198 


Sodium  tungstate,  252 

Solar  chemiiktry,  271 

Solar  chromosphere,  273 

Solar  spectrum,  271 

Solder,  254  ^ 

Soluble  aniline  blue,  420 

Sorbinose,  386 

Sorbite,  382 

Sorbitol,  382 

Sorbose,  386 

Specific  heat,  z66 

Spectra  of  nebulae,  374 

Spectroscope,  270 

Spectrum  analysb,  266 

Speculum  metal,  274,  219 

Spermaceti,  334 

Spirits  of  wine,  321 

Spongy  platinum,  262 

Stannic  acid,  254 

Stannic  chloride,  254 

Stannic  oxide,  253 

Stannic  sulphide,  254 

Stannous  chloride,  254 

Stannous  oxide^  253 

Stannous  sulphide,  354 

Starch,  392 

Starch-sugar,  384 

Stearic  acid,  344 

Stearin,  376 

Steel,  238,  244 

Steel,  cast,  244 

Steel,   manufacture  by  basic  process, 

245 

Steel,  manufacture  by  Bessemer  pro- 
cess, 244 

Stellarchemistry,  27X,  273 

Stellar  spectra,  273 

Stibine,  258 

Stilbite,  231 

Strontia,  206 

Strontianite,  206 

Strontium,  206 

Strontium  chloride,  206 

Strontium  n.onoxide,  206 

Strontium  nitrate,  206 

Strychnine,  439 

Styrolenej  4x4 

Succinamide,  368 

Succinic  acid,  367 

Succinic  acid,  synthesis  of,  456,  458 

Succinimide,  368 

Sugar  of  lead,  214,  339 

Sugars,  383 

Suears,  synthesis  of,  386,  457 

Sulphur,  117 

Sulphur,  determination  of,  392 

Sulphur,  flowers  of,  118 

Sulphur,  modifications  of,  xx8 

Sulphur,  plastic,  119 

Sulphur  chlorides,  134 

Sulphur  dioxide,  120,  121 

Sulphur  peroxide,  lao,  123 
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Sulphur  Msquionde,  lao,  ia$ 
Sulphur  trioxide,  120,  124 
Sulphurvtted  hydrogen,  131 
Sulphuric  acid,  124 
Sulphuric  acid,  manufacture  of,  125 
Sulphuric  anhydride,  124 
Sulphurous  acid,  122,  123 
Sulphurous  anhydride,  lax 
Sulphury  1  dichloride,  130 
Synaptase,  AyA 
Synthesis,  oefinition  of,  13 
Synthesis,  organic,  453 
Syntonin,  444 

T. 

Tannic  acid,  413 

Tantalite,  360 

Tantalum,  a6o 

3'artar,  369 

3'artar-emetic,  257,  370 

Tartaric  acid,  369 

Tartaric  acid,  synthesis  of^  458 

Taurin,  449 

Taurocholic  acid,  449 

Telluretted  hydrogen,  136 

Telluric  acid,  136 

Tellurous  add,  136 

Tellurium,  136^ 

Tellurium  dioxide,  136 

Tellurium  trioxide,  136 

Temperature,  measurement  of,  34 

Tension  of  aqueous  vapour,  42 

Terbium,  229 

Terephthalic  acid,  414 

Terpcnes.  428 

Terpineol,  432 

Terpinol,  432 

Tertiary  alcohols,  315,  317 

Tertiary  alcohols,  detection  of,  328 

Tertiary  amines,  311 

Tcrtiarv  butyl  alcohol,  352 

Tetraetnylphosphonium  iodide,^  347 

Tetramethylammonium  hydroxidfe, 

345,  346 
Tetramethylammonium  iodide,  346 
Tetramethylbenzene,  ^15 
Tetramethyldiamidotnphenylmethaney 

418 
Tetrathionic  acid,  Z2i 
Thallic  chloride,  217 
Thallious  carbonate,  217 
Thallious  chloride,  217 
Thallious  sulphate,  217 
Thallious  sulphide,  2x7 
Thallium,  216 
Thallium  hydroxide,  216 
Thallium  monoxide,  2x6 
Thallium  trioxide,  2x6 
Thebame,  438,  439 
Theine.  374 
Theobromine,  373 


Thermometert,  %4 
Thiacetic  add,  x^ 
Thiacetic  anhjrdnde,  340 


Thiocarbonic  add,  308 

Thiocvanic  add,  905 

Thiophen,  416 

Thiosuli^uric  add,  129 

Thiourea,  308 

Thorite,  255 

Thorium,  355 

Thymol,  4x5 

Tin,    253.    (See  also   Stannous  and 

Stannic)  ^ 
Tin  dichloride,  354 
Tin  diethyl,  351 
Tin  dioxide,  353,  353 
Tin  monoxide,  353 
Tin  plate,  354 
Tin-stone,  353 
Tin  tetrachloride,  354 
Tin  tetraethyl,  351 
Tin  triethjrl,  35X 
Titanic  oxide,  355 
Titanium,  255 
Titanium  nitride,  355 
Titanous  oxide,  355 
Toluene,  405 
Toluidine,  ^11 
Triacetamiae,  34X 
Triacetin,  ^76 
Triazoacetic  acid,  365  ^ 
Tribasic  phosphoric  add,  X48 
Trichloracetic  add,  340 
Trjchlorhydrin,  376 
Triclinic  system   of  crjrstallognqp^y 

>83 
Tridymite,  X38 
Triethylamine,  344,  346 
Triethylbismuthine,  349 
Triethylene  glycol,  357 
Triethylin,  376 
Triethylphosphine,  347 
Triethylstibine,  349 
Trihydrogen  arsenate,  155 
Trjhydrogen  arsenite,  X54 
TVihydrogen  phosphate,  148 
Trihydroxybenzene,  ^12 
Trihydroxybenzoic  acid,  413 
Trimethylamine,  346 
Trimethylarsine,  348 
Trimethylbenzene,  414 
Trimethyl  carblnol,  332 
Trimethylphenylammonitun  h3^roxide 

403 
Tnmethylphenylammonium       iodide, 

Tnnitrophenol,  401 
Triphenylcarbinol,  417 
Tripheiiylmethane,  416,  417 
Trithionic  acid,  121 
Tropaeolins,  405 
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Tropic  acid,  441 
Tungsten,  251  ^ 
Tungsten  dioxide,  351 
Tungsten  trioxide,  251 
Tungstic  acid,  251 
Type  metal,  256 
Tyrosin,  415 


U. 

Unsaturated  compounds,  280 

Uranic  acid,  352 

Uranic  oxide,  352 

Uranite,  252 

Uranium,  252 

Uranous  oxide,  252 

Urea,  307 

Uric  acid,  372 

Uric  acid,  synthesis  of,  458 

Urine,  449 


V. 


Valency,  160 

Valency,  variation  of,  x6a 

Valeric  acid,  343 

Valeronitrile,  344 

Vanadates,  259 

Vanadium,  259 

Vanadium  oxychloride,  259 

Vanadium  pentoxide,  259 

Vanillin,  412^ 

Vapour  density,  determination  of,  295 

Vaseline,  310 

Vegetable  fibrin,  445 

Verdigris,  339 

Vermuion,  224 

Vinasse,  346 

Volume  of  gases,  relation  to  pressure, 

28 
Vulcanite,  433 


W. 


Water,  31 

Water,  Clark's  process  of  softening, 

204 
Water,  composition  of^  by  volume,  32 
Water,  composition  of,  by  weight,  35 
Water,  distillation  of,  43 
Water,  electrolytic  decomposition  of, 

34 


Water,  freezing  by  its  own  eViiporation, 

4« 
Water  of  crystallization,  45,  179 

Water,  permanent  hardness  of,  204 

Water,  point  of  maximum  density  of, 

39 
Water,  properties  of,  37 

Water,  synthesis  of,  32 

Water,  temporary  hardness  of,  204 

Water-gas,  92 

Weldon's  process  of  recovering  man- 

ffanese,  236 

Whey,  445 

White  ar  entc,  154 

White  lead,  214 

White  precipitate,  224 

White  vitrid,  21  x 

Williamson's  blue,  304 

Window  glass,  231 

Winter^^reen  oil,  4x3 

Withente,  306 

Wolfram,  251 

Wood-spirit,  3x8 

Wrought  iron,  238,  344 


Xanthine,  373 
Xylene,  413 
Xylo!din,  393 


Y. 

Yellow  prussiate  of  potash,  303 
Ytterbium,  229 
Yttrium,  229 


Zeolites,  231 
Zinc,  210 
Zinc  amyl,  350 
Zinc  carbonate,  21Z 
Zinc  chloride,  2xz 
Zinc  ethyl,  349 
Zjnc  ethylate,  350 
Zinc  lactate,  362 
Zinc  methyl,  350 
Zinc  oxide,  2x0 
Zinc  sulphate,  211 
Zinc  sulphide,  szz 
Zircon,  255 
Zirconium,  255 
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benefit  to  the  student,  or  teacher,  or  practical  assayer.  It  is  well  got  up,  and  the 
numerous  iIlu.strations  add  to  its  value.  —  Glasgow  Herald. 
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A  Text-book  of  Elementary  Metallurgy  for  the  Use  of  Students. 
To  which  is  added  an  Appendix  of  Examination  Questions,  embrac- 
ing the  whole  of  the  Questions  set  in  the  three  stages  of  the  subject 
by  the  Science  and  Art  Department  for  the  past  twenty  years.  By 
the  same.    i6mo.    jixxx 

Iran  and  Steel  Hannfacture.  A  Text-book  for  Beginners.  By  the 
same.    Illustrated.    i6mo.    ^i.oa 

Mixed  Metals  or  Metallic  Alloys.    By  the  same.    i6mo.    ^1.50. 

It  is  a  very  compact,  interesting,  and  valuable  little  treatise,  and  the  publishers 
have  done  their  part  to  make  the  work  attractive  and  readable.  —  Metal  Worker, 

Is  well  up  to  the  times,  treating  of  the  last  modifications  of  metallic  mixtures, 
and  with  the  numerous  tables  of  analyses  and  illustrations  as  required,  forms  a 
Taluable  addition  to  technological  literature.  —  Scientific  A  merican. 

Well  adapted  to  the  requirements  of  students  and  practical  men.  —  Science. 

The  best  work  on  alloys  to  be  met  with  in  the  English  language.  —  Chemical 
News. 

Metal-Colouring  and  Bronzing.    By  the  same.    i6mo.    ;|(i.io. 

The  first  portion  deals  with  the  chemical  effects  of  the  atmosphere  on  metals, 
the  relation  of  metals  to  colour,  chemical  principles  and  changes,  and  the  nature 
and  object  of  metal-colouring.  The  second  portion  deals  with  cleaning,  dipping, 
scratch-brushing,  polishing,  etc.  The  third  portion  treats  of  chemical  metal- 
colouring.  The  fourth  portion  is  devoted  to  the  subject  of  Electro-chemical 
Metal-colouring,  embracing  the  deposition  of  metals  on  each  other.  The  fifth 
portion  refers  to  the  subject  of  Mechanical  Metal-colouring.  —  From  the  Preface. 

JONES.  — The  Owens  College  Junior  Course  of  Practical  Chemistry. 

By  Francis  Jones,  F.R.S.E.,  Chemical  Master  at  the  Grammar 
School,  Manchester.  With  Preface  by  Sir  Henry  Roscoe,  F.R.S. 
Illustrated.     i8mo.    70  cents. 

Questions  on  Chemistry.  A  Series  of  Problems  and  Exercises  in 
Inorganic  and  Organic  Chemistry.    By  the  same.    i8mo.    75  cents. 

LANDAUER.  — Blowpipe  Analysis.  By  J.  Landauer.  Authorized 
English  Edition  by  J.  Taylor  and  W.  E.  Kay.  With  Illustration. 
i6mo.     Neiv  Edition.    $1.10. 

LAURIE.  —  The  Food  of  Plants.  An  Introduction  to  Agricultural 
Chemistry.  By  A.  P.  Laurie,  A.M.  With  Illustrations.  i8mo. 
35  cents. 

LOCKYER.  —  The  Chemistry  of  the  Sun.  By  J.  Norman  Lockyer, 
F.R.S.     Illustrated.    Svo.     $^.<p. 
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The  Meteoritic  Hypothesis.  Statement  of  the  Spectroscopic  Inquiry 
into  the  Origin  of  Cosmical  Systems.  With  numerous  Illustrations. 
8vo.    fc.2S. 

LODGE  (O.  J.). — The  Pioneers  of  Science.  With  Portraits  and  other 
Illustrations.    I^rge  i2mo.    ^2.50. 

LUNGE  (Dr.  G.).  — The  Alkali-makers'  Pocket-book.  Tables  and 
Analytical  Methods  for  Manufactures  of  Sulphuric  Acid,  Nitric 
Acid,  Soda,  Potash,  and  Ammonia.  By  George  Lunge,  Ph.D., 
and  Ferdinand  Hurter,  Ph.D.    i2mo.    ^2.00. 

LUPTON.— Chemical  Arithmetic.  With  1200  Problems.  By  S. 
LUPTON,  M.A.     Second  Edition,  revised  and  abridged.     i6mo. 

MADAN  (H.  G.). —Tables  of  the  Qualitative  Analysis.  4to.  Paper. 

^I.IO. 

Numerical  Tables  and  Constants  in  Elementary  Science.  i6ma 
70  cents. 

MARSH  (J.  E.).  — Chemistry  in  Space.  From  Prof.  J.  H.  Van  't 
HoFF's  •'  Dix  Annies  dans  I'Histoire  d'une  Th6orie."  Translated 
and  edited  by  J.  E.  Marsh,  B.A.     Clarendon  Press  Series,    i6mo. 

The  almost  universal  adoption  of  the  hypothesis  of  the  tetrahedral  carbon  atom 
renders  it  desirable  that  Professor  Van  't  Hoflf's  Treatise  should  be  placed  in  the 
hands  of  students  in  an  English  form. 

The  translator  has  been  indebted  to  the  author  for  much  assistance  and  advice 
throughout;  and  the  present  work  will  be  found  to  be  a  considerable  extension 
of  the  French  edition. 

The  translator  has  done  his  work  carefully,  and  the  invaluable  assistance  and 
advice  of  the  author  has  enabled  him  to  make  his  reading  "  a  considerable 
extension  of  the  French  edition."  —  Nature, 

MELDOLA.  —  The  Chemistry  of  Photography.  By  Raphael 
Meldola,  F.R.S.,  Professor  of  Chemistry  in  the  Technical  College, 
Finsbury.    i2mo.    $^oq, 

MEYER.— History  of  Chemistry  from  the  Earliest  Times  to  the 
Present  Day.  By  Ernst  Von  Meyer,  Ph.D.  Translated  by 
George  McGowan,  Ph.D.    8vo.    $4.50. 

MUIR  (M.  M.  p.).  — a  Treatise  on  the  Principles  of  Chemistry. 
New  Edition.    8vo.    $4.00. 
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Practical  Chemistry  for  Medical  Students.  Specially  arranged  for 
the  first  M.B.  Course.  By  M.  M.  P.  MuiR,  F.R.S.E.,  Fellow  and 
Praelector  in  Chemistry  at  Gonville  and  Caius  College,  Cambridge. 
i6mo.    40  cents. 

HUIR  (M.  M.  P.)  and  CARNEGIE.  —  Practical  Chemistry.  A 
Course  of  Laboratory  Work.  With  numerous  Illustrations.  80 
cents. 

MUIR  and  SLATER.  —  Elementary  Chemistry.    Iti.25. 

MUIR  and  WILSON.  —  The  Elements  of  Thermal  Chemistry.  By 
M.  M.  P.  MuiR,  F.R.S.E.,  assisted  by  D.  M.  Wilson.    8vo.   ^3.25. 

NATURE.  — A  Weekly  niustrated  Journal  of  Science.  Single 
Numbers.  Price,  15  cents.  Yearly  Subscription,  ^.00.  Vols. 
I.-XLIII.  (Those  in  Print  ^00  each.)  Cases  for  binding 
volumes,  each  60  cents. 

The  attention  of  all  interested  in  the  general  progress  of  knowledge  is  eamesdy 
invited  to  this  journal,  which  has  now  become  the  accredited  organ  of  the  leading 
scientific  men  in  communicating  their  views  to  each  other  and  to  the  public. 

Among  the  contributors  to  "  Nature  "  w'ill  be  found  the  names  of  almost  every 
man  of  note  in  the  various  departments  of  scientific  inquiry  in  England,  America, 
and  the' Continent  of  Europe.  As  questions  of  science  compass  all  limits  of 
nationality,  and  are  of  universal  interest,  a  periodical  devoted  to  them  may  fitly 
appeal  to  the  intelligent  classes  in  all  countries  where  its  language  is  read.  The 
proprietors  of  "  Nature  "  will  aim  so  to  conduct  it  that  it  shall  bear  a  common 
claim  upon  all  English-speaking  peoples. 

"  Nature "  is  published  in  London  and  New  York,  and  it  asks,  as  it  will  be 
found  to  deserve,  the  liberal  patronage  of  the  thinking  classes  of  the  United 
States.  Every  intelligent  man  is  now  expected  to  know  something  of  what  is 
going  on  in  the  scientific  world;  the  columns  of  "  Nature  "  will  give  a  summary 
of  it,  varied,  compressed,  and  authentic. 

OSTWA^D.  —  Outlines  of  General  Chemistry  (Physical  and  Theo- 
retical) .  By  Prof.  W.  OsTWALD.  Translated  by  James  Walker, 
D.Sc,  Ph.D.    8vo.    %'i'^o. 

RAMSAY.  —  Experimental  Proofs  of  Chemical  Theory  for  Beginners. 

By  William  Ramsay,  F.R.S.,  Professor  of  Chemistry  in  Univer- 
sity College,  London.    70  cents. 

ROSCOE.  —  Works  by  Sir  Henry  E.  Roscoe,  M.P.,  LL.D.,  F.R.S. 

Lessons  in  Elementary  Chemistry :  Inorganic  and  Organic.    New 

Edition,  revised  and  enlarged,  with  numerous  Illustrations,    iii.25. 
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ROSCOE  and  SCHUSTER.  —  Spectrum  Analysis.  By  Sir  Henry 
ROSCOE,  F.R.S.  Fourth  Edition,  revised  and  considerably  enlarged 
by  the  Author,  and  by  A.  Schuster,  F.R.S.,  Ph.D.,  Professor  of 
Applied  Mathematics  in  the  Owens  College,  Victoria  University. 
With  Appendices,  Illustrations,  and  Plates.    8vo.    $6.oa 

SCOTT.  —  Introduction  to  Chemical  Theory.    $1.25. 

SHELDON.— The  Farm  and  the  Dairy.  By  Prof.  J.  P.  Sheldon, 
formerly  of  the  Royal  Agricultural  College.  Bell's  Agricultural 
College,    75  cents. 

TAYLOR  (J.  T.).  — Works  by  J.  Traill  Taylor,  Editor  of  the 
"  British  Journal  of  Photography." 

The  Optics  of  Photography.    Illustrated. .  i2mo.    |(i.oo. 

The  Chemistry  of  Photography.    Illustrated.    In  the  Press, 

TECHNOLOGICAL  HAND-BOOKS.  —  Edited  by  Sir  H.  Trueman 
Wood,  M.A.  A  series  of  Technical  Manuals  for  the  use  of  Work- 
men and  others  practically  interested  in  the  Industrial  Arts.  Illus- 
trated, and  uniformly  printed  in  large  i2mo. 

The  excellent  series  of  technical  hand-books.  —  Textile  Manufacturer* 
The  admirable  series  of  technological  hand-books.  —  British   yournal  of 
Comtnerce. 

Dyeing  and  Tissue-Printing.  By  William  Crookes,  F.R.S., 
V.P.CS.    $1.50. 

Glass  Manufacture.  Introductory  Essay,  by  H.  J.  Powell,  B.A. 
(Whitefriars  Glass  Works) ;  Crown  and  Sheet  Glass,  by  Henry 
Chance,  MA.  (Chance  Bros.,  Birmingham)  ;  Plate  Glass,  by  H. 
G.  Harris,  Assoc.  Memb.  Inst.  C.  E.    $1.00. 

Coal-Tar  Colors,  The  Chemistry  of.  With  special  reference  to  their 
application  to  Dyeing,  etc.  By  Dr.  R.  Benedikt.  Translated 
from  the  German  by  E.  Knecht,  Ph.D.  Second  Edition,  revised 
and  enlarged.    $1.75. 

THOMSON  (J.  J.).  Applications  of  D3niamic8  to  Physics  and 
Chemistry.    $1.90. 

THORPE  and  RUCKER.  — A  Treatise  on  Chemical  Physics.  By 
Prof.  T.  E.  Thorpe,  F.R.S.,  and  Prof.  A.  W.  Rucker,  F.R.S. 
Illustrated.    8vo.    In  Preparation, 
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THORPE  and  TATB.  —  A  Series  of  Chemical  ProUems.  With  Key, 
for  use  in  Colleges  and  Schools.  By  T.  E.  Thorpe,  B.Sc,  Ph.D.. 
F.R.S.  New  Edition,  revised  and  enlarged  by  W.  Tate.  With  a 
Pre£eu:e  by  Sir  Henry  E.  Roscoe,  B.A.,  Ph.D.,  F.R.S.,  M.P.  i6ma 
65  cents. 

VOGEL.  —Practical  Pocket4MOk  of  Photography.  A  Short  Guide 
to  the  Practice  of  all  the  usual  Photographic  Processes  for  Profies- 
sionals  and  Amateurs.  By  Dr.  E.  Vogel.  Translated  by  E.  C 
Conrad  from  the  Second  German  Edition.  With  many  Illustra- 
tions and  a  Copious  Index.    i6mo.    $i.oa 

WURTZ.— A  History  of  Chemical  Theory.  ByAD.  WURTZ.  Trans- 
lated by  Henry  Watts,  F.R.S.    $2.00. 
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